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This report describes the construction quality assurance (CQA) monitoring and testing services 
provided by Golder Construction Services, Inc. (GCS) during the development of Cell 2 at the 
Allen Park Clay Mine. The CQA monitoring and testing services were performed by GCS on 
this project through January 27, 1993 indicated that construction of Cell 2 was carried out in 
substantial compliance with the design, specifications, and facility Permit issued by the Michigan 
Department of Natural Resources as described in the attached report. 

We appreciate the opportunity to work with you and Ford Motor Company on this project and 
look forward to future opportunities to assist you. If you have any questions, comments or need 
additional assistance, please contact us. 

Very truly yours, 

GOLDER CONSTRUCTION SERVICES, INC. 

i~-Prd 
David M. List, P.E. 
Senior Engineer 

DML/JEW:laa 

GOLDER CONSTRUCTION SERVICES, INC. e 2035 ASHER COURT, SUITE 700 • EAST LANSING, MICHIGAN 48823 • TELEPHONE: (517) 351-3622 • FAX: (517) 351-3949 

' ® 





ABSTRACT 

Golder Construction Services, Inc. (GCS) previously called Environmental Construction Services, 

Inc. (ECS) was retained by the Ford Motor Company in May of 1990 to perform third party 

construction quality assurance (CQA) monitoring and testing services during the development of 

Phase I, Cell 2 at their Allen Park Clay Mine Landfill (APCML) facility The APCML facility 

is located within Wayne County at 17005 North Oakwood Boulevard in Allen Park, Michigan. 

The APCML facility covers an area of approximately 243 acres and is designed and permitted 

for both solid and hazardous waste disposal. The site is occupied by an operating solid waste 

landfill unit and several closed solid and hazardous waste landfill units. 

Within the lining system of Cell 2 there are seven major components. Each component covers 

the entire floor and side slopes of the landfill. The individual components are listed as follows 

from the bottom to top: 

" Cell Base Floor 
• Artesian Water Collection/Removal System (AWCRS) 
• Secondary Flexible Membrane Liner (FML) 
• Secondary Leachate Collection/Removal System (LCRS) 
• Five Foot Recompacted Clay Layer (RCL) 
• Primary Flexible Membrane Liner (FML) 
• Primary Leachate Collection/Removal System (LCRS) 

The following is a list of construction areas which GCS monitored: 

• Construction of the stabilization berms and final grading of the cell floor; 

• Installation of the artesian water collection/removal system; 

• Installation of the secondary flexible membrane liner; 
• Installation of the secondary leachate collection system; 
• Construction of a five foot thick recompacted clay layer; 

• Installation of the primary flexible membrane liner; 
• Installation of the leachate collection/removal system; and 

• Installation of electrical and mechanical components of the leachate collection system. 

GCS' on-site involvement with the project began on May 15, 1990 and field work was completed 

January 28, 1993. During active periods of construction, GCS provided full time CQA 

monitoring services for both the soils and geosynthetics aspects of this project. 

The results of the monitoring and testing confirm that Phase I, Cell 2 was constructed in 

substantial compliance with the project specifications and guideline documents. 

Golder Construction Services, Inc. ' 
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LQ INTRODUCTION 

Ford Motor Company (Ford) owns the Allen Park Clay Mine Landfill (APCML) facility located 

in Wayne County at 17005 North Oakwood Boulevard in Allen Park. The facility is located 

within the city limits of Allen Park and is bounded by Oakwood Boulevard, Interstate 94, Outer 

Drive, and M-39 (Southfield Freeway). The APCML facility consists of approximately 243 acres 

and is designed and permitted for both solid and hazardous waste disposal. The site is occupied 

by an operating solid waste landfill unit and several closed solid and hazardous waste landfill 

units. The general location of the site is shown on Figure I. 

Ford is currently permitted to construct Cell 2 at the APCML facility. While the construction 

of Cell 2, including excavation and early backfilling to the general cell floor grades, has been 

ongoing for several years, the landfill lining system construction has occurred since 1990. This 

report discusses the results of the construction quality assurance (CQA) monitoring and testing 

services provided by Golder Construction Services, Inc. (GCS) during the development of the 

hazardous waste landfill cell known as Cell 2 - Phase I (hereafter referred to as Cell 2). A future 

vertical expansion into Phase II of the Cell 2 unit is planned. 

Golder Construction Services, Inc. 
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2.0 SCOPE OF SER\-;CES 

Golder Construction Services, Inc. (GCS) under contract with Ford, provided CQA monitoring 

and testing services at the APCML facility associated with the development of Cell 2. The 

following is a list of construction areas which GCS monitored: 

• Construction of the stabilization berms and final grading of the cell floor; 

• Installation of the artesian water collection/removal system; 

• Installation of the secondary geomembrane liner; 

• Installation of the secondary leachate collection system (leak detection system); 

• Construction of a five foot thick recompacted clay layer; 

• Installation of the primary geomembrane liner; 

• Installation of the primary leachate collection/removal system; and 

• Installation of electrical and mechanical components of the leachate collection system. 

As stated, monitoring and testing services extended into each of the above mentioned areas and 

are discussed herein. Cell 2 has an "L" shaped configuration measuring approximately 800 feet 

long and 600 feet wide at the widest point. A layout of the facility showing Cell 2 is presented 

on Figure 2. 

This report presents a description of the CQA monitoring and testing services provided by GCS 

and its subconsultants throughout the construction process. Discussion of the project participants 

and the project specifications is presented in Sections 3.0 and 4.0, respectively. Material testing, 

which includes both soils and geosynthetics used in the construction, is presented in Section 5.0. 

Discussion of construction and CQA monitoring and testing activities is presented in Sections 6.0 

and 7.0. Survey control procedures are discussed in Section 8.0, and a summary is included in 

Section 9.0. 

Golder Construction Services, Inc. 
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It should be noted that construction quality assurance and quality control are often denoted by 

the acronyms "QA" and "QC", respectively, and "CQA/CQC" collectively. Throughout this 

report, the abbreviation "CQA" is used to collectively refer to all QA activities performed by 

GCS, to refer to the CQA procedures as discussed further in Section 4.0, and within the titles of 

GCS personnel. Also, "geosynthetic" is an industry term which collectively refers to 

geomembrane liner, geotextile and geonet materials. This term, as well as the individual 

component terms, is used throughout the remainder of this report. 

Golder Construction Services, Inc. 
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3.0 PROJECT PARTICIPANTS 

3.1 Overview 

The following lists the principal project participants with their respective roles in the construction 

of the landfill: 

• Ford Motor Company (Ford) - Facility owner; 

• Michigan Department of Natural Resources (MDNR) - Regulatory enforcement agency; 

• NTH Consultants Ltd. (NTH) - Co-design engineer; 

• Midwestern Consulting, Inc. (MCI) - Co-design engineer and construction surveyors; 

• McNamee, Porter & Seeley, Inc. (MPS)- Construction manager and third party surveyor; 

• McNamee Industrial Services (MIS) -Electrical and mechanical design review engineer; 

• Newport Electrical Company (NEC) - Electrical contractor; 

• Golder Construction Services, Inc. (GCS) -Construction quality assurance consultant and 
geosynthetic testing laboratory; 

• B&V Construction, Inc. (B&V) -Earthworks contractor; 

• Mike Wilson Enterprises (MWE) - HDPE pipe installer and mechanical contractor; 

• National Seal Company (NSC) - Geosynthetic installation contractor and geomembrane 
liner material manufacturer; 

• T.J. Crawford, Inc. (Crawford) - Borehole contractor for pipeline; 

• Golder Associates, Inc. (Golder Associates) - Soil testing laboratory (as a subconsultant 
to GCS); 

• Lowe Construction Company (Lowe) - Sheet pile contractor; 

• Amoco Fabrics and Fibers Company (Amoco) - Geotextile supplier; 

• Conwed Plastics, Inc. (Conwed) - Geonet supplier; 

Golder Construction Services, Inc. 
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• London Sand and Gravel Company - Clay and granular material supplier; 

In addition to those listed, there were several other minor project participants involved in 

supplying materials and/or services to this project which have not been listed herein. It should 

be noted that the abbreviated form of the companies, as listed in parentheses above, are used 

throughout the remainder of this report. Generally, only the principal project participants will 

be referenced. Subconsultants participation will be implicitly included with the name of the 

appropriate principal participant. 

It should be noted that Golder Construction Services, Inc. (GCS) was previously named 

Environmental Construction Services, Inc. (ECS). A formal name change to GCS took place on 

April 1, 1992. For the purpose of this report, when referring to CQA monitoring and testing 

services on this project, GCS will be used. 

3.2 GCS Personnel 

GCS on-site involvement with the project began on May 15, 1990. Due to construction intensity, 

rotations, and occasionally expanding hours into a night shift, the resident CQA staff during 

earthwork activities varied from a single lead CQA manager up to two additional earthworks 

monitors. The site personnel were directed by a GCS project CQA manager who is a registered 

Professional Engineer in the State of Michigan. During the installation of the geosynthetic 

components of Cell 2, up to four additional geosynthetic monitors were added to the on-site staff. 

As stated above, a lead CQA manager was resident on-site and was responsible for managing the 

day-to-day CQA activities associated with the construction. The CQA monitors were responsible 

for the CQA observation, testing, and documentation of the activities associated with the 

construction. A listing of the GCS personnel and initials of those directly involved in this project 

is provided in Appendix A. 

Golder Construction Services, Inc. 
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Each CQA monitor was responsible for completing a daily report summarizing the monitoring 

activities performed. The lead CQA manager prepared a summary of the daily construction 

progress, including the information provided by each of the CQA monitors and the field test 

results. Copies of these daily reports are not presented in this document, but are retained on the 

project site and in the East Lansing, Michigan office of GCS. 

For completeness and as a guide to the initials used in the appendices, a listing of the NSC 

personnel involved with the installation of the geosynthetic components of this project is also 

included in Appendix A. 

Golder Construction Services, Inc. 
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4. 0 CONSTRUCTIOl.,DOCUMENTS 

The Allen Park Clay Mine facility was designed by NTH and MCI, who also prepared several 

CQA, specification, and design documents employed on this project. The documents pertinent 

to the construction of Cell 2 include the following: 

• Allen Park Clay Mine Landfill, Hazardous Waste Disposal Site -Cell li, City of Allen 

Park, Wayne County, Michigan (18 page design drawing set dated October 1, 1991); 

• United States Environmental Protection Agency, Region V, EPA ID #MID 980-568-711, 

permit effective from June 8, 1989 to June 8, 1994; 

" Michigan Department of Natural Resources, Act 64, Operating License ID Number 980-

568-711, effective from May 8, 1989 to May 8, 1994; 

• Specification NO. APCML91-5, Type I Hazardous Waste Cell Construction, Allen Park 

Clay Mine, Allen Park, Michigan, MID 980568711, Section D, revised March 18, 1992; 

• Contract Documents Cell II Procurement and Installation of Geosynthetics, Hazardous 

Waste Cell II Construction, Allen Park Clay Mine, Allen Park, Michigan, dated April 28, 

1992; and 

• Clay Liner Test Pad Construction Study, Allen Park Clay Mine, NTH Project No. 89365 

OW, dated January 7, 1991, revised April 19, 1991. 

These documents were reviewed by GCS prior to construction at the facility. 

Any clarifications of, and rev1s10ns to, these documents which were made throughout the 

construction process are presented in Appendix B. In this report, reference to the landfill 

construction drawings, CQA plan and technical specifications will implicitly include the 

clarifications and revisions detailed in the memoranda formally documented throughout the 

construction process. These cumulative requirements with all addenda are referred to throughout 

this report as the project "Specifications". 

Golder Construction Services, Inc. 
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.i_Q MATERlAL TESTING 

5.1. Introduction 

An assortment of soil and geosynthetic materials were used within the lining system of Cell 2. 

Per the project Specifications, these materials were tested both in advance of construction and 

as construction proceeded. This section describes the testing carried out on the various materials 

used, prior to use. 

5.2 Compatibilitv/Fingemrint Testing 

During the late 1980's, Ford retained geotechnical consultants to identify soil and geosynthetic 

materials with physical and mechanical properties meeting those required by the project 

Specifications. These materials were then analyzed for chemical compatibility by exposing them 

to leachate for various time periods and re-evaluating the properties. The following materials 

underwent compatibility testing: clay, sand, gravel, piping, and geosynthetics. The results of this 

testing were submitted to the Michigan Department of Natural Resources (MDNR) in previous 

reports by others. As a result of the compatibility testing, certain soil materials and specific pipe 

and geosynthetic products were found to be useable in the construction of Cell 2. 

Prior to the construction of Cell 2, samples of the soil materials and the specific p1pe and 

geosynthetic products targeted for use were obtained. The samples were then evaluated and 

compared to those found to be useable by previous testing. The soil materials underwent 

geotechnical testing in a soils laboratory, which is discussed in later sections of this report, and 

were determined to be suitable for use. The pipe and geosynthetic products were sent to 

Geosyntec Consultants' Materials Testing Laboratory (Geosyntec) for evaluation. The results of 

this testing are presented in Appendix C. In summary of Geosyntecs's evaluation, tests indicate 

that the new geosynthetics are generally equivalent to their respective archive samples. 

5.3 Soil Testing 

Prior to the construction of Cell 2, extensive testing was carried out on the clay, sand, and 

gravels targeted for use. Samples of these soils were obtained from borrow sources and as the 

materials were delivered to the site, but prior to use in the landfill. A test pad study was also 

Golder Construction Services, Inc. 
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conducted on the clay materials targeted for use. The following sections discuss the testing 

which occurred prior to the materials use in the landfill. 

5.3.1 Clay Borrow Source 

An investigation into the available clay sources was conducted by NTH. Three sources were 

identified and bulk samples were collected from each for laboratory testing. This laboratory 

testing was used to determine the suitability of the soils being investigated and to provide 

reference information for the placement of the soil components in the landfill. Samples were 

obtained from potential sources and the following tests were performed on each sample: 

• Atterberg Limit determination 
• natural moisture content determination 
• soil classification determination 
• grain size distribution analysis 
• moisture-density relationship (modified Proctor) 

• hydraulic conductivity analysis 

The results of the testing indicate that the following three sources of material met the 

requirements set forth by the design. 

• Borrow from Interstate 696 (I-696 Clay) 

• Borrow from London Sand and -Gravel Company, London, Michigan (London Clay) 

• Borrow from Ann Arbor Sand and Gravel Company, Ann Arbor, Michigan (Ann Arbor 

Clay) 

A summary of the results of the testing performed on the clay materials used is presented in 

Appendix D.l. 

5.3.2 Test Pad Program 

Following the identification of suitable clay borrow sources, a test pad program was undertaken 

by NTH. The purpose of the program was to determine if the clay sources could meet/exceed 

the project hydraulic conductivity criterion of less than or equal to 1 x 10"7 centimeters per 

second (cm/s) and to establish the soil moisture-density conditions required to meet this criterion. 

The clay sources that were identified during this investigation and chosen for use were the I-696 

Golder Construction Services, Inc. 
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Clay, the London Clay, and the Ann Arbor Clay. A test pad was constructed from material taken 

from each source. 

The construction monitoring of the test pad program was performed by NTH. Each test pad was 

built to a thickness of approximately 3 feet over an area approximately 75 feet by !50 feet. 

Following the construction of each test pad, nine Boutwell permeameters were installed which 

totaled 27 permeameter locations for the program. Additionally, undisturbed samples were taken 

from the test pads for laboratory hydraulic conductivity testing, grain size distribution analysis, 

Atterberg Limits determination, moisture content, unit weight determination, and selective testing 

of unconfined compressive strength. A report, entitled "Clay Liner Test Pad Construction Study, 

Allen Park Clay Mine Landfill, NTH Project No. 89365 OW, revised and reissued April 19, 

1991" discusses in detail and presents all the findings of the study. This report is presented in 

Appendix E. The results of the test pad program indicate that the clay sources targeted for use 

demonstrate a hydraulic conductivity less than or equal to I x 10·' cm/s when placed at a 

specified moisture content and compactive effort. 

5.3.3 Clay On-Site Sampling 

The clay identified in the borrow source investigation and used during the test pad program was 

delivered to the site for use within Cell 2. GCS obtained samples of this clay on an ongoing 

basis as it was stockpiled and used. 

Of the approximately 130,000 cubic yards of clay fill used in construction, thirty-four samples 

were-obtained resulting in an approximate sampling frequency of one test per 3,800 cubic yards. 

Samples were shipped to a Golder Associates soils laboratory and tested for the following 

parameters: 

• Atterberg Limit determination 
• natural moisture content determination 
• soil classification determination 
• grain size distribution analysis 
• moisture-density relationship (modified Proctor) 

Golder Construction Services, Inc. 
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Three of the thirty-four samples tested did not undergo grain size distribution analysis and two 

of those did not undergo Atterberg Limit determination. A summary of these test results is 

presented in Appendix D.l. Five additional sample results from NTH were included since they 

were referenced during on-site testing. 

5.3 .4 Granular Material 

The coarse aggregate or gravel as it is hereafter referred to, used within the artesian water 

collection/removal system (A WCRS) and the leachate collection/removal system (LCRS) was 

supplied by Manchester Sand and Gravel Company from their Parr road location in Manchester, 

Michigan. Of the approximately 300 cubic yards of gravel used with the AWCRS anq the LCRS, 

2 samples were obtained for laboratory analysis. One sample underwent grain size analysis, soil 

classification, and hydraulic conductivity testing, while the second sample was analyzed for grain 

size distribution. The results of this testing are presented in Appendix D.2.1 and indicate that the 

material used conforms with the project Specifications and Michigan Department of 

Transportation (MDOT) Class 6A stone. 

5.3.5 Sand 

The granular drainage material or sand as it is hereafter referred to, used within the LCRS was 

supplied by Milford Sand and Gravel from their Kent Lake Road location in South Lyon, 

Michigan. Of the approximately 4,600 cubic yards of sand used, 3 samples were obtained for 

laboratory analysis. Two of these samples underwent grain size analysis, soil classification and 

hydraulic conductivity testing. The remaining sample was tested only for hydraulic conductivity. 

The results of this testing are presented in Appendix D.2.2 and indicate that the material used 

conforms with the project Specifications and MDOT Class 2NS sand. 

Golder Construction Services, Inc. 
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5.4 Geosynthetics 

5.4.1 Geomembrane Liner 

Smooth 80-mil thick high oensity polyethylene (HDPE) geomembrane liner was used within the 

secondary and primary landfill lining system. The HDPE geomembrane was manufactured and 

installed by NSC in 15-foot wide rolls. GCS inventoried the geomembrane rolls as they were 

delivered to site. A summary of this inventory is presented in Appendix F. I. The following 

sections outline the resin and roll manufacturers' testing program and GCS' conformance testing 

program prior to use within Cell 2. 

5.4.1.1 Resin Testing 

Quality control testing of the HDPE resm used to manufacture the geomembrane and the 

extrusion rod was performed by the resin supplier, Union Carbide Chemicals. Each resin batch 

was tested for density and melt flow index prior to shipment to NSC's manufacturing plant in 

Galesburg, Illinois. The test results provided by the resin manufacturer were reviewed by GCS 

and are included in Appendix F.2. 

Quality assurance testing of the HDPE resin was performed by NSC. Samples of the resin were 

obtained upon delivery to NSC's facility. Resin batches were tested for density and melt flow 

index. Copies of the results of this testing as provided by NSC were reviewed by GCS and are 

also included in Appendix F.3. 

5.4.1.2 Roll Testing 

Thirty-nine rolls of HDPE geomembrane liner supplied for this project were sampled and 

underwent quality control testing by NSC in the manufacturing facility. The testing program 

conducted by NSC results in a frequency of approximately one sample per 32,000 square feet of 

HDPE geomembrane delivered. Each sample tested was evaluated for density, thickness, tensile 

characteristics (stress at yield, elongation at yield, stress at break, and elongation at break), carbon 

black content and dispersion, dimensional stability, puncture resistance, tear resistance, density, 

melt flow index, water absorption, hardness, volatile loss, environmental stress crack resistance, 

hydrostatic resistance, and modulus of elasticity. 
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During GCS' review of the project Specifications and actual test results, two items were 

specifically noted. The first is that a typographical error concerning the acceptable geomembrane 

hardness value occurred within the project Specifications. NTH was notified and has discussed 

this clarification in a letter presented in Appendix B. The second item is in regard to the specific 

gravity obtained during some testing. The results of the testing indicate that while some material 

exhibits a specific gravity slightly higher than the project requirements, it meets the intent of the 

project Specifications. 

The certificates documenting the roll quality control testing of the HDPE geomembrane liner rolls 

delivered are included in Appendix F.4. A review of these reported test results was performed 

by GCS. Any samples found not to meet project Specifications, except as discussed above, were 

bound by passing results and either retested or rejected. In either case, rolls ultimately failing 

to meet project Specifications were rejected from use. 

GCS also performed testing on the geomembrane liner rolls after they had been delivered to the 

project site. Samples measuring at least 3 feet wide by the width of the HDPE geomembrane 

roll were obtained at least 3 feet into the roll by GCS site personnel. The samples were then 

transported to the GCS laboratory located in Duluth, Georgia for testing. 

Geomembrane rolls delivered to the site were tested as prescribed by ASTM D43 54 in that a 

specified number of samples from each lot or batch were obtained for laboratory testing. 

Throughout the duration of the project, approximately 1,252,500 square feet of HDPE 

geomembrane was delivered to the site for use. From the geomembrane delivered, a total of 24 

samples were obtained and tested. Samples were collected from every resin batch and shipment 

delivered. These samples were tested for the same properties as stated for quality control testing. 

The resulting sampling frequency is approximately one per 52,200 square feet of material 

delivered. In certain cases, tested samples failed to meet project requirements. These samples 

would then be bound by rolls exhibiting passing results and either retested or rejected. The 

results of the HDPE geomembrane roll testing performed by GCS are summarized in Appendix 

F.S. 
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5.4.2 Geonet 

A HOPE geosynthetic drainage net, hereafter referred to as geonet, was utilized on this project. 

Layers of the geonet are located above the geotextile in the A WCRS, above the secondary 

HOPE geomembrane in the leak detection system, and above the primary HOPE geomembrane 

within the LCRS. The geonet used on this project, product name XB8410, was manufactured 

by Conwed Plastics, Inc. in 6.5-foot wide rolls. GCS site personnel inventoried the geonet as it 

was delivered to the site. A summary of this inventory is presented in Appendix G.1. 

The geonet rolls supplied for this project underwent quality control testing at a frequency of one 

per 40,000 square feet by Conwed in the manufacturing facility. Certification statements from 

Conwed regarding the quality control testing are included in Appendix G.2. 

In addition to manufacturer's testing, GCS also performed testing on the geonet rolls provided 

for this project. Samples measuring at least 3 feet wide by the width of the roll of geonet were 

obtained at least 3 feet into the roll by GCS personnel at the Allen Park Clay Mine. The samples 

were then transported to the GCS laboratory located in Duluth, Georgia for testing. 

Geonet rolls delivered to the site were tested as prescribed by ASTM D43 54 in that a specified 

number of samples from each lot or batch were obtained for laboratory testing. Throughout the 

duration of the project, approximately 1,445,730 square feet of HOPE geonet was delivered to 

the site for project use. From the geonet delivered, a total of twenty-eight samples of material 

were obtained. These samples were then tested for the melt index, specific gravity, wide strip 

tensile strength (machine direction and cross direction) and transmissivity. The resulting 

sampling frequency is approximately one per 52,000 square feet which exceeds project 

requirements. 

GCS evaluated the geonet test results as the project was ongoing. Very early in the project it 

was determined that the Conwed product could not consistently meet the project Specifications 

for wide strip tensile strength or transmissivity in the cross direction. Ford considered alternate 

geonet products, however, early compatibility tests indicate that the Conwed geonet performed 
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favorably when exposed to leachate. Upon closer review by NTH, a specification modification 

was implemented for the geonet properties in the cross machine direction. This modification is 

presented in Appendix B. 

Upon review of laboratory test results, one roll of geonet did not meet project requirements. This 

sample was bound by rolls exhibiting passing results and was rejected. The results of the testing 

are summarized in Appendix G.3. 

5.4.3 Geotextile 

A non-woven 8 ounce per square yard geotextile is located directly over the cell base floor within 

the A WCRS, above the geonet within the SLCRS and within the LCRS. The geotextile was 

manufactured by Amoco Fabrics and Fiber Company and was installed by NSC. GCS 

inventoried the geotextile rolls as they were delivered to the project. A summary of the 

geotextile inventory is presented in Appendix H.l. 

Of the 1,980,000 square feet of geotextile supplied for this project twenty samples underwent 

quality control testing by Amoco at their manufacturing facility. Each sample was evaluated for 

weight, thickness, tensile characteristics (grab stress at yield, grab elongation), mullen burst, 

puncture resistance, trapezoidal tear, permitivity, and apparent opening size. GCS has reviewed 

the results of this testing and found them to meet or exceed the project Specifications. The 

certificates documenting the quality control testing of the geotextile rolls delivered are included 

in Appendix H.2. 

In addition to the manufacturer's testing, GCS also performed testing on the geotextile rolls 

provided for this project. Samples measuring at least 3 feet wide by the width of the roll of 

geotextile were obtained at least 3 feet into the roll by GCS personnel at the Allen Park Clay 

Mine. The samples were transported to the GCS laboratory located in Duluth, Georgia for 

testing. 
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Geotextile rolls delivered to the site were tested as prescribed by ASTM D43 54 in that a 

specified number of samples from each lot or batch were obtained for laboratory testing. 

Geotextile rolls produced on non-consecutive dates were identified as separate batches. 

Throughout the duration of the project approximately 1,980,000 square feet of geotextile from 

five different batches were delivered to the site for project use. From the geotextile delivered, 

a total of twenty-five samples of material were obtained by GCS and tested for the specified 

properties. The resulting sampling frequency is approximately one ·per 79,000 square feet for the 

geotextile. Geotextile rolls failing to meet project requirements were bound by rolls exhibiting 

passing results. Failing or untested rolls between the bounding passing rolls were not used within 

Cell 2. The results of the testing and the related project Specifications are summarized in 

Appendix H.3. 
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6.0 CONSTRUCTION 

6.1 Overview 

As discussed previously, ;_;ell 2 is designed for hazardous waste disposaL The plan area of Cell 

2 is approximately II acres with the approximate dimensions of 600 feet by 800 feet. The floor 

of the cell is approximately 2.5 acres in area and is sloped at greater than I percent toward a 

centrally located sump. From the floor, the side slopes rise at a slope of two horizontal to one 

vertical (2H: l V) to the crest of the stabilization berms which surround the floor. The crest of 

the stabilization berm slopes gently and varies from approximately 85 feet wide on the north 

slope, 70 feet wide on the west and south slopes, to 50 feet wide on the east slope. The north, 

west and south slopes rise from the bench at a four horizontal to one vertical (4H:IV), to the 

crest of Phase L An anchor trench exists for geosynthetics at the outside of the Phase I bench. 

The east slope rises at three horizontal to one vertical (3H: IV). The east slope is graded to 

match the previous Cell I closure. 

Within the lining system of Cell 2 there are seven major components. The configuration of some 

of the components vary slightly between the cell floor and the slopes. The individual 

components across the floor, listed from the bottom up, are as follows: 

• Cell Base Floor; 
• Artesian Water Collection/Removal System (AWCRS)- comprised of four inch diameter 

HDPE piping, gravel, geotextile, and geonet; 
" Secondary Geomembrane Liner; 
• Secondary Leachate Collection/Removal System (SLCRS or Leak Detection System) -

comprised of geonet and geotextile; 
• Five foot thick Recompacted Clay Layer; 
• Primary Geomembrane Liner; and 
• Leachate Collection/Removal System (LCRS) - comprised of 6 and 8 inch diameter 

HDPE piping, gravel, a sand blanket, and geotextile. 

The individual components across the slope vary only slightly from the floor as follows: the 

A WCRS is comprised of geotextile and geonet and the LCRS is comprised of geonet and 

geotextile. 
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The details associated with the construction, CQA monitoring and testing performed by GCS for 

each of these major components of the lining system within Cell 2 are described in the following 

sections. Throughout this report, all references to dimensions used are the nominal values unless 

· otherwise specified. 

6.2 Cell Base 

The cell base of the landfill provides the bottom layer and foundation and consists predominantly 

of both in situ and recompacted native clay materials. Preliminary preparation of the cell base 

floor occurred prior to GCS' involvement with the project. Certification of the base floor 

preparation of Cell 2 was provided by others. A letter report containing this information is 

provided in Appendix I. 

Additional preparation of the cell base, including localized filling and final grading of the cell 

base floor, construction of the stabilization berm, and construction of some of the sideslope area, 

was required prior to the installation of the A WCRS and subsequent components of the lining 

system. GCS monitored this additional work. 

6.2.1 Excavation 

The construction operations to develop the cell base floor elevations consisted of excavation of 

in situ materials to or below the design grades. The earthwork operations were conducted by 

conventional equipment, primarily dozers, scrapers, backhoes, articulating dump trucks, and motor 

graders. After the cell base floor elevations were obtained, the cell was proofrolled with a 

Superpac D3B roller. Any soft or unsuitable areas encountered were excavated and filled with 

clay fill, compacted, and proofrolled again. After proofrolling, MPS conducted a survey of the 

floor surface. 

6.2.2 Materials 

During the backfilling of excavated areas and construction of the stabilization berms, I-696 Clay, 

London Clay or native clay was used as backfill. The clay fill material was sampled prior to use 

from the stockpile areas by GCS to determine acceptability and provide reference information for 
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construction monitoring. Bulk soil samples were laboratory tested as discussed in Section 5 of 

this report. 

6.2.3 Construction Procedures 

Clay fill was transported from the stockpiles to the landfill with scrapers or articulating dump 

trucks. The material was then spread and leveled with a dozer, moistened with water as 

necessary to prevent drying, cracking, and to increase adhesion of layers, and compacted using 

a penetrating foot compactor. The placement of fill was in nominally 6-inch thick compacted 

lifts to reach the required grade. Typically a minimum of 6 to 8 or more passes with the 

compactors were applied prior to placement of the next lift. Typically, upon completion of a lift, 

the surface was scarified prior to placement of a subsequent lift. 

6.2.4 Field Testing 

Field density and shear tests were performed by GCS as the fill was placed and compacted. The 

field density testing was performed using nuclear methods ASTM D 2922 and D3017 with drive 

cylinder tests performed routinely adjacent to the nuclear test to verify the results of the nuclear 

densimeter. In addition, GCS performed one-point moisture density (Proctor) tests as necessary 

to confirm the choice of reference curves used. Per the project Specifications, the minimum 

percent compaction allowable was 90 percent of the modified Proctor's maximum dry density as 

determined by ASTM test procedure D!557. Soil shear strengths were also measured routinely 

using either a Torvane or vane shear testing device. Per project Specifications, the minimum 

shear strength allowable was 1,500 pounds per square foot (psf). Areas with test results failing 

to meet project Specifications were rejected and identified for repair. Subsequently, such areas 

were corrected through one or more of the following: 

• addition of water and mixing; 

• scarification and drying; 

• application of additional compactive effort; 

• removal and replacement. 
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Following corrective measures the areas were retested. The repair and testing procedure was 

repeated until results met or exceeded the project Specifications. 

A total of 492 density tests were performed by GCS on the fill placed and compacted in the cell 

base of Cell 2. Forty-two of these initial tests failed to meet the project Specifications and the 

corresponding areas were reworked and retested. The results of these tests are summarized in 

Appendix J.l. 

In addition to the field density testing, Shelby tube samples were collected for hydraulic 

conductivity testing. The results of these hydraulic conductivity tests are presented in Appendix 

J.2. As shown within the appendix, the results are less than 1 x 10·' cm/s. 

6.3 Artesian Water Collection/Removal System (AWCRS) 

The A WCRS was installed directly over the cell base floor and is intended to remove ground 

water which may collect against the Cell 2 lining system. The A WCRS consists of a geotextile 

and geonet filter system which discharges to a series of perforated four inch diameter HDPE 

pipes encapsulated within gravel and geotextile. The geotextile and geonet was installed by NSC 

while the encapsulated pipes, gravel and other components that comprise the system were 

installed by various contractors which included B& V, MWE, Lowe, and Crawford. 

The A WCRS was constructed in stages as follows: 

• Excavation within the cell base floor for the intermediate A WCRS sump and intermediate 

SLCRS sump; 

• Construction of a pit supported by sheet piles within the south stabilization berm; 

• Installation of the removal A WCRS sump and removal SLCRS sump in the sheeted 

pit; 

• Installation of boreholes from the toe of the south stabilization berm to the pit and from 

the pit to the edge of the cell; 

• Trenching of the cell base floor and the perimeter of the intermediate collection sumps; 
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Installation of the A WCRS pipelines and SLCRS pipeline, A WCRS slope riser pipe and 

SLCRS slope riser pipe; 

• Backfilling of trenches; and 

" Installation of geotextile and geonet. 

An overview discussion of the construction related to the A WCRS follows. 

The floor of Cell 2 is graded toward the centrally located intermediate A WCRS sump and the 

intermediate SLCRS sump. These sumps are located on the floor of Cell 2 and serve as a 

collection point for fluids in the A WCRS and leachate in the SLCRS. Fluids then drain from the 

intermediate collection sumps to the removal sumps through HDPE transmission pipes. 

Since the intermediate A WCRS surrounds the perimeter of the intermediate SLCRS sump and 

is located at a higher elevation than the secondary leachate transmission pipe, the SLCRS sump 

was excavated and a secondary leachate transmission pipe installed prior to the placement of the 

A WCRS piping around the intermediate SLCRS sump. Native clay removed from the collection 

sump excavation was stockpiled outside the cell. 

Once the installation of the intermediate collection sumps was completed, the transmission 

pipelines were installed to the removal sumps within a pit in the south stabilization berm. Both 

the A WCRS sump and the SLCRS sump are located approximately 22 feet below the top of the 

south stabilization berm. To install the removal sumps, a pit was excavated within the confines 

of driven sheet piles. Crawford constructed the pit by first assembling steel sheet piles and 

vibrating the sheeting to a depth approximately 8.5 feet below the final base level of the sumps. 

The sheeted pit measured approximately 12.5 feet north to south and approximately 25.3 feet 

east to west. 

Once the steel sheet piles were in place, excavation of the native clay within the sheeted pit was 

performed with a backhoe. For every 5 feet of excavated clay removed from the sheeted pit, steel 

whalers where installed for bracing in the longitudinal direction. After approximately 15 feet of 
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clay had been excavated by the backhoe, a crane with a clamshell bucket was used to complete 

the excavation. All excavated clay was transported by B& V and stockpiled. 

The A WCRS and SLCRS sumps were then installed by MWE. The sumps are located within 

the sheeted pit and consist of the following: 

• a 7 foot diameter and I 0 inch thick concrete sump base; 
• a 4 foot diameter HDPE sump; 
• a 6 foot diameter concrete manhole with openings for the slope risers and transmission 

pipes; and 
• a 7 foot diameter by 8.5 inch thick concrete sump top. 

After the 7 foot concrete base was leveled into place on a sand bed, the 4 foot diameter HDPE 

sump was installed within the pit. The 6 foot diameter concrete manhole was then placed around 

the HDPE sump, and the connections to the A WCRS slope riser and transmission line were 

made. Prior to the placement of the 7 foot diameter concrete sump top, a grout consisting of 

cement and flyash was poured between the 4 foot diameter HDPE sump and the concrete 

manhole. The concrete sump top was then placed over the concrete manhole so that the 

excavation could be grouted closed. From the base of the pit to approximately 5 feet below the 

top elevation of the pit, grout was again used to seal the excavation. The uppermost 5 feet of 

the steel sheet piles were then removed and the excavation was backfilled and compacted with 

native clay. 

To remove fluids from the sumps, slope riser pipes and transmission pipes are located between 

the south edge of Cell 2 and the pit, and between the intermediate collection sumps and the pit, 

respectively. Since both sets of pipes are approximately 10 feet below the cell base floor, Lowe 

installed boreholes as an alternative to trenching and shoring the excavation. The first set of 

boreholes were made for both A WCRS and SLCRS riser pipes and extended between the south 

edge of Cell 2 and the sheeted pit. The A WCRS and the SLCRS slope riser boreholes were 30 

inches in diameter and approximately 57 feet long. As the boring process proceeded, a steel 

casing was advanced to reinforce the sides of the boreholes. Where the boreholes met the 

sheeted pit, Lowe cut through the sheet piles and advanced the casing to meet the sumps. 
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The second set of boreholes was made for both A WCRS and SLCRS transmission lines and 

extended between the toe of the south stabilization berm and the sheeted pit. These boreholes 

were 20 inches in diameter and approximately 52 feet long. Again, Lowe used steel casings to 

support the sides of the boreholes and cut the sheet piles to advance the casings into the sheeted 

pit. 

After piercing the pit with the cased boreholes, the riser pipe was installed to the lateral limit of 

the landfill. The A WCRS riser pipe and the SLCRS riser pipe consisted of a solid wall HDPE 

SDR 11 pipe, 18 inches in diameter with 1/2 inch perforations at the bottom two feet of the pipe. 

The 18 inch diameter slope riser pipes were installed by excavating a pipe trench on the south 

slope of the cell to the 30 inch diameter steel casings. Where the slope riser pipes met the cased 

boreholes on the south stabilization berm, MWE centered the slope riser pipes in the casing by 

cribbing the pipe into place. The A WCRS riser pipe and SLCRS riser pipe were then connected 

to their respective sump with flanged connectors. Finally, the 30 inch diameter casings were 

grouted and the pipe trench backfilled with native clay. 

In addition to the riser pipes, the transmission piping between the removal and intermediate 

collection sumps were installed after the cased boreholes were installed. Both the A WCRS and 

the SLCRS transmission lines consist of a solid wall 4 inch diameter HDPE SDR 11 pipe. The 

AWCRS transmission line extends from the south west comer of the intermediate collection sump 

and terminates at the removal sump. Both the A WCRS and the SLCRS transmission lines were 

installed at the same time by excavating a pipe trench from the intermediate collection sumps to 

the 20 inch diameter steel casings at the toe of the south stabilization berm. The leachate 

transmission lines were then installed into the casings and centered. Connection to their 

respective sumps were made by using flanged connectors. After the connections to the sumps 

were complete, the 20 inch diameter casings were grouted and the pipe trenches were backfilled 

with native clay. 
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The A WCRS collection piping system consisted of the following: 

• 4 inch diameter perforated HDPE SDR 11 pipe with 2 rows of 1/4 inch diameter holes 
on 4 inch centers and sixty degrees apart; 

• sand for pipe bedding; and 
• drainage gravel wrapped in geotextile. 

The 4 inch diameter perforated HDPE collection pipes were installed by excavating a trench 

approximately 2 feet wide by 2 feet deep from the toe of the east and west stabilization berms 

to the approximate design location of the A WCRS sump. The A WCRS sump piping was then 

excavated around the sump with a backhoe. After excavating the pipe trench, sand bedding and 

geotextile were placed into the trench. The 4 inch diameter perforated pipe was positioned on 

grade into the trench with the 114 inch diameter holes positioned 30 degrees from the invert. 

Drainage gravel was then placed around the collection pipe and the geotextile wrapped 

completely around the stone. Finally, the geotextile was sewn together using ultraviolet resistant 

thread. 

With the installation of the intermediate and removal sumps and piping system for the A WCRS 

and SLCRS complete, it was then possible to install the geosynthetics which would cover all the 

previous construction. The geotextile and geonet filter system is directly above the cell base 

floor and the side slopes. This system consisted of an 8 ounce per square yard geotextile directly 

overlying the cell base floor. The geotextile was covered by a geonet. The A WCRS was then 

bound by the secondary geomembrane liner. As represented in the most recent design package, 

the geotextile and geonet were to completely cover the north, south, and west slope of the cell, 

and cover the lower portion of the east slope. On the cell floor, the A WCRS was initially 

designed to consist of 5 foot wide strips of geonet wrapped with geotextile and spaced at 45 foot 

centers. The strips were to extend from the north and south stabilization berm toes to the center 

line of the cell. Instead of using 5 foot wide strips of geotextile and geonet, the floor of the cell 

was completely covered by geotextile and geonet. All geotextile used in the A WCRS was 

overlapped a minimuin of 4 inches and continuously sewn together using ultraviolet resistant 

thread. Both the continuous coverage of the geotextile and geonet across the floor and the sewn 
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4 inch geotextile overlap were viewed as design enhancements. The geonet was also overlapped 

a minimum of 4 inches and tied into place using nylon ties spaced nominally at 5 foot centers 

along the slope, 2 foot centers across the slope, and 6 inch centers within the anchor trench. 

6.4 Secondarv Geomembrane Liner 

6.4.1 General 

The CQA activities performed by GCS during the installation of the secondary geomembrane 

liner within Cell 2 consisted of: 

• observation and documentation of secondary geomembrane deployment procedures; 

• observation and documentation of trial seam procedures and evaluation of test results; 

• observation and documentation of field seams and seaming operations; 

• location of seam destructive samples, performance of approximately 10 percent of the 

seam destructive testing, and evaluation of all the destructive testing results; 

• observation and documentation of non-destructive seam continuity testing; and 

• identification and documentation of defects as well as observation and documentation of 

repairs. 

A detailed description of each of the above activities is presented in the following subsections. 

6.4.2 Deployment Procedures and Observations 

As required by the project Specifications, the cell base floor subgrade surface was certified and 

accepted by NSC for placement of the secondary geomembrane liner. Copies of these 

certifications are included in Appendix K. 

Geomembrane panels were deployed manually by pulling them from rolls suspended on a 

spreader bar attached to a rubber-tired front end loader or deployment cart. Following panel 

deployment, the panels were aligned with a 5 inch overlap and were seamed using a double track 

fusion seaming device. Unbounded edges of geomembrane panels were temporarily loaded with 

sand bags to prevent movement. 
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Each geomembrane panel was assigned a field identification number by GCS as it was deployed. 

After the panel was deployed, the edges of the lead, trail, and one side were measured with a 

micrometer to determine sheet thickness. After placement but prior to seaming, each panel was 

observed for damage and manufacturing imperfections. Observed defects were marked by GCS 

and were later repaired by NSC. A summary of the geomembrane panel deployment is included 

in Appendix L. 

Periodically, points along the geomembrane panels were surveyed by MPS in order to locate field 

panels for development of a record drawing. A plan view of the secondary geomembrane panel 

layout is shown on Figure 5. 

6.4.3 Trial Seam Procedures and Observations 

Trial seams were made by NSC from fragment pieces of geomembrane to verify that seaming 

conditions were adequate. Geomembrane trial seams approximately 10 feet in length were 

constructed under the same conditions as actual seams, typically three per day; once prior to the 

beginning of the initial seaming operation, once following the midday break, and at the end of 

the daily field seaming operations. 

For each trial seam, a minimum of four specimens were obtained and tested. The specimens 

were tested in the peel adhesion (peel) and bonded seam strength (shear) modes. The mode of 

separation of each specimen tested was classified using the codes shown on Figure 8 for the 

double track fusion welding technique and Figure 9 for the extrusion welding technique. If a trial 

seam failed, the seaming apparatus and/or seamer prepared another seam which was retested. 

Retesting continued until deficiencies were corrected and a passing trial seam was obtained or 

until the decision was made not to use the particular seaming apparatus and/or seamer during the 

seaming peri0d. 

Each trial seam was assigned a unique number and the pertinent information recorded. A portion 

of each trial seam was archived by GCS for Ford. A summary of the fusion and extrusion trial 
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seam information obtained throughout the installation of the secondary geomembrane liner is 

included in Appendices M.l and M.2, respectively. 

6.4.4 Production Seaming 

The principal seaming method used by NSC on this project was the double track fusion 

technique. This technique was employed for production seaming as the geomembrane panels 

were deployed. Alternative seaming methods used by NSC on this project were the solid wedge 

fusion and extrusion techniques. These methods were used primarily to repair defects in the 

geomembrane liner and perform tie in seams. 

The vanous procedures associated with both fusion and extrusion seaming operations were 

observed by GCS. These observations included seam preparation, weather conditions during 

seaming, general seaming procedures, overlap of geomembrane panels, and temporary bonding 

procedures. All seams were observed throughout their length for quality and seam completion. 

Visually detected imperfections were marked by GCS and subsequently repaired by NSC. A 

summary of the geomembrane fusion and extrusion seaming information compiled by GCS is 

presented in Appendices N.l and N.2, respectively. 

6.4.5 Seam Non-Destructive Continuity Testing 

All seam non-destructive continuity testing was performed by NSC to verify completeness and 

continuity of the seam. Two types of non-destructive testing were employed. Vacuum testing 

was performed on solid wedge fusion and extrusion welded seams and air pressure testing was 

performed on double track fusion welded seams. This testing was visually observed by GCS and 

described in the following sections. 

Vacuum testing consisted of applying a soapy solution to the weld area and placing a vacuum 

box over the segment to be tested. The vacuum box was connected via an air hose to a vacuum 

pump. When the vacuum box was "seated" properly, the pump would create a suction on the 

geomembrane. While the vacuum was held, the seam segment was observed through the viewing 

window for the presence of soap bubbles indicating leakage. If no leakage was found, the next 
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adjoining area was tested, ensuring that a typical overlap of 3 inches was maintained. If a leak 

was detected it was marked for repair, repaired, and subsequently retested. 

Pressure testing consisted of sealing the ends of the air channel created by a double track fusion 

seaming device. A needle/pressure gauge was then inserted into the air channel and the air 

channel was pressurized to at least 25 pounds per square inch (psi). The air channel was allowed 

to "relax" for a 2 minute interval, after which time the air pressure was noted. If the pressure 

had fallen below 25 psi, it was again pressurized to at least 25 psi and the pressure noted. The 

pressure was recorded 5 minutes after the relaxing period ended. If less than 2 psi of pressure 

was lost during the 5 minute period, the seam end opposite of the pressure gauge was cut. If the 

pressure gauge reading decreased to zero after the cut was made, the test was successful. If, 

however, the pressure had dropped more than 2 psi, or if the pressure gauge reading did not 

decrease to zero upon cutting the opposite end of the seam, the test failed. The process could 

be repeated in an attempt to isolate the failing area, but in any case, all failing seams or segments 

were marked for repair, repaired by extrusion seaming, and vacuum tested. 

Summaries of the seam continuity testing for the landfill geomembrane fusion and extrusion 

welded seams are presented with the seaming summaries in Appendices N.l and N.2, 

respectively. 

6.4.6 Seam Strength Destructive Testing 

Seam destructive samples were selected by GCS either randomly or because of a CQA monitor's 

suspicion of a defective seam. Of the approximately 37,362 linear feet of fusion and 

approximately 6,750 feet of extrusion seaming and seam reconstruction or capping performed, 

86 fusion and 14 extrusion seam destructive samples were obtained. The approximate resulting 

frequency of destructive testing was one per 434 linear feet of fusion seam and one per 480 linear 

feet of extrusion seam, which exceed project requirements. 

GCS observed as NSC removed all the seam destructive samples from the welded geomembrane 

liner for testing. In general, two specimens from each destructive sample were first field tested 
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in peel and shear by NSC using a portable tensiometer. If the field destructive test specimens 

passed, the remaining portion of the destructive sample was removed from the geomembrane liner 

installation for laboratory testing. A 12 inch segment was labelled and archived on-site by GCS 

for Ford and an 18 inch segment was labelled and shipped to the geosynthetic laboratory for 

testing. Approximately one of every ten samples were tested by GCS' geosynthetic laboratory 

while nine of ten were tested by NSC' geosynthetic laboratory. During laboratory testing of 

fusion seams, five specimens were evaluated for peel and five specimens were evaluated for 

shear. Since both the outside and inside of the weld area were tested for peel, a total of ten peel 

tests for each seam destructive sample were performed. The acceptance criteria for fusion welded 

seam specimens was the same as that for the extrusion welded test specimens in that four out of 

the five specimens must not fail in the weld area. Additionally, project requirements specified 

that peel adhesion exceed 128 pounds per inch yield strength and those tested for shear exceed 

160 pounds per inch yield strength. 

For an extrusion seam destructive sample, ten specimens were removed for testing; five 

specimens were tested for peel and five specimens were tested for shear. The acceptance criteria 

for peel specimens was that four out of five specimens must not fail in the weld area. 

Additionally, project requirements specified that peel adhesion must exceed 104 pounds per inch 

yield strength and those tested for shear exceed 160 pounds per inch yield strength. 

Of the 86 initial fusion and 14 initial extrusion destructive samples taken, 15 fusion and 2 

extrusion failed to meet project requirements. Each was tracked in both directions as welded and 

bound by passing destructive samples or completely reconstructed. All failed seam segments 

were repaired and non-destructively tested. Summaries of the geomembrane fusion and extrusion 

seam destructive test results are presented in Appendices 0.1 and 0.2, respectively. 

6.4. 7 Defects and Repair Observations 

Geomembrane panels were initially monitored for damage during deployment. Additionally, GCS 

observed the geomembrane panels and seams on an on-going basis throughout the installation 

process. Each observed defect was documented, assigned a unique identification "Defect Code", 
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marked, and subsequently repaired and vacuum tested by NSC. Repairs made to the 

geomembrane are summarized in Appendix P. 

6.5 Secondarv Leachate Collection and Removal System 

The SLCRS within the landfill is constructed directly over the secondary liner system. The 

SLCRS consists of geonet and geotextile across the cell slopes and floor and an intermediate 

collection sump centrally located on the cell floor. The components of the SLCRS are discussed 

in the following sections. 

6.5.1 SLCRS Sump 

An intermediate collection sump is located centrally on the cell floor. As described previously 

in this report, a transmission pipeline from the intermediate sump location to a removal sump, 

the removal sump, and the upslope riser for the SLCRS, was installed prior to the installation of 

the secondary geomembrane. At the intermediate collection sump, the transmission pipeline 

penetrates the secondary geomembrane and is booted. Within the intermediate collection sump, 

the transmission line was fitted with a 3.5 foot long section of perforated HDPE pipe forming 

a tee. The lower portion of the sump surrounding the tee was backfilled with 6A stone. 

Additionally, five layers of geonet were placed within the sump over the gravel and pipe. 

6.5.2 Geonet/Geotextile 

The SLCRS across the slopes and floor of Cell 2 was comprised of geonet and geotextile. 

Following completion of the secondary geomembrane, geonet was deployed by placing panels 

adjacently along the maximum lines of slope. While a single layer of geonet was used on the 

cell slopes, a double layer was used across the cell floor. The geonet panels were overlapped a 

minimum of 4 inches and tied. The tie spacing used was 5 foot centers along the slope, 2 foot 

centers across the slope, and 6 inch centers in the anchor trench. 

An 8 ounce per square yard non-woven geotextile overlies the geonet. The geotextile panels 

were also placed adjacently generally along the maximum lines of slope. This geotextile was 

overlapped 4 inches and continuously sewn into place. 
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6.6 Recompacted Clay Liner 

The 5 foot thick recompacted clay liner (RCL) is located directly above the SLCRS. The RCL 

was constructed by the earthwork contractor, the details of which are described in the following 

subsections. 

6.6.1 Materials 

Across the floor and slope of the landfill, the RCL was constructed in nominally 6-inch thick 

compacted lifts. The lifts were constructed using London Clay and I-696 Clay as discussed in 

Section 5. 

6.6.2 Construction Procedure 

The RCL material was transported from the stockpile areas to the landfill using articulated dump 

trucks and scrapers. To minimize the potential of damage to the underlying geosynthetics, the 

first 18 inch thick loose lift was placed with a trackhoe. The clay material was spread and 

leveled with a dozer, moistened with water as necessary, and compacted using a penetrating foot 

compactor. Typically, the RCL was placed and compacted in lifts parallel to the sub grade, 

however, slopes were constructed by placing the soil in horizontal lifts. In either instance, a 

minimum of 6 to 8 or more passes with the compactor were applied to achieve the required 

degree of compaction. Approximately 11 acres of Cell 2 was covered with the RCL to a 

thickness of 5 feet. 

6.6.3 Field Densitv Testing 

Field density tests were performed by GCS as the RCL was placed and compacted. Testing was 

performed using nuclear methods ASTM D2922 and D3017. Per the project Specifications, the 

minimum percent compaction allowable was 90 percent of the modified Proctor maximum dry 

density as determined by ASTM test procedure D1557 and from 0 to 5 percent above the soil's 

optimum moisture content. Soil shear strengths were also taken periodically using a vane shear 

testing device. A total of 709 in situ density tests were performed on the RCL placed and 

compacted in Cell 2. Twenty-two of these initial tests initially failed to meet the project 
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Specifications and the corresponding areas were reworked and retested until passing results were 

achieved. The results of the RCL in situ density testing are summarized in Appendix Q.l. 

In addition to the field testing, shelby tube samples were collected for hydraulic conductivity 

testing. The results of these hydraulic conductivity tests are presented in Appendix Q.2. As 

shown within the appendix, the results are less than I x 10·' cm/s. 

6. 7 Primary Geomembrane Liner 

6. 7.1 General 

The CQA activities performed by GCS during the installation of the primary geomembrane liner 

within Cell 2 consisted of: 

• observation and documentation of primary geomembrane deployment procedures; 

• observation and documentation of trial seam procedures and evaluation of test results; 

• observation and documentation of field seams and seaming operations; 

• location of seam destructive samples, performance of approximately I 0 percent of the 

seam destructive testing, and evaluation of all the destructive testing results; 

• observation and documentation of non-destructive seam continuity testing; and 

• identification and documentation of defects as well as observation and documentation of 

repaus. 

A detailed description of each of the above activities is presented in the following subsections. 

6. 7.2 Deployment Procedures and Observations 

As required by the project Specifications, the RCL surface was certified and accepted by NSC 

for placement of the primary geomembrane liner. Copies of these certifications are included in 

Appendix R. 

Geomembrane panels were deployed manually by pulling them from rolls suspended on a 

spreader bar attached to a rubber-tired front end loader or deployment cart. Following panel 
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deployment, the panels were aligned with a 5 inch overlap and were seamed using a double track 

fusion seaming device. Unbounded edges of geomembrane panels were temporarily loaded with 

sand bags to minimize the possibility of movement. 

Each geomembrane panel was assigned a field identification number by GCS as it was deployed. 

After the panel was deployed, the edges of the lead, trail, and one side were measured with a 

micrometer to determine sheet thickness. After placement but prior to seaming, each panel was 

observed for damage and manufacturing imperfections. Observed defects were marked by GCS 

and were later repaired by NSC. A summary of the geomembrane panel deployment is included 

in Appendix S. 

Periodically, points along the geomembrane panels were surveyed by MPS in order to locate field 

panels for development of a record drawing. A plan view of the primary geomembrane panel 

layout is shown on Figure 6. 

6. 7.3 Trial Seam Procedures and Observations 

Trial seams were made by NSC from fragment pieces of geomembrane to verify that seaming 

conditions were adequate. Geomembrane trial seams approximately 10 feet in length were 

constructed under the same conditions as actual seams, typically three per day; once prior to the 

beginning of the initial seaming operation, once following the midday break, and at the end of 

the daily field seaming operations. 

For each trial seam, a minimum of four specimens were obtained and tested. The specimens 

were tested in the peel adhesion (peel) and bonded seam strength (shear) modes. The mode of 

separation of each specimen tested was classified using the codes shown on Figure 8 for the 

double track fusion welding technique and Figure 9 for the extrusion welding technique. If a trial 

seam failed, the seaming apparatus and/or seamer prepared another seam which was retested. 

Retesting continued until deficiencies were corrected and a passing trial seam was obtained or 

until the decision was made not to use the particular seaming apparatus and/or seamer during the 

seaming period. 

Golder Construction Services, Inc. 

g 
' ' ' ' ' ® 



June 1993 34 917-1203 

Each trial seam was assigned a unique number and the pertinent information recorded. A portion 

of each trial seam was archived by GCS for Ford. A summary of the fusion and extrusion trial 

seam information obtained throughout the installation of the primary geomembrane liner is 

included in Appendices T.l and T.2, respectively. 

On November 14, 1992, outside temperatures during trial seaming operations were measured 

below the 34 degree Fahrenheit project Specification. Therefore as noted within the extrusion 

trial seam summary, both geomembrane trial seam operations and repair procedures were carried 

out in heated enclosures. No production seaming occurred on that date. 

6. 7.4 Production Seaming 

The principal seaming method used by NSC on this project was the double track fusion 

technique. This technique was employed for production seaming as the geomembrane panels 

were deployed. Alternative seaming methods used by NSC on this project were the solid wedge 

fusion and extrusion techniques. These methods were used primarily to repair defects in the 

geomembrane liner and perform tie in seams. 

The vanous procedures associated with both fusion and extrusion seammg operations were 

observed by GCS. These observations included seam preparation, weather conditions during 

seaming, general seaming procedures, overlap of geomembrane panels, and temporary bonding 

procedures. All seams were observed throughout their length for quality and seam completion. 

Visually detected imperfections were marked by GCS and subsequently repaired by NSC. A 

summary of the geomembrane fusion and extrusion seaming information compiled by GCS is 

presented in Appendices U.l and U.2, respectively. 

6. 7.5 Seam Non-Destructive Continuity Testing 

All seam non-destructive continuity testing was performed by NSC to verify completeness and 

continuity of the seam. Two types of non-destructive testing were employed. Vacuum testing 

was performed on solid wedge fusion and extrusion welded seams and air pressure testing was 
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performed on double track fusion welded seams. This testing was visually observed by GCS and 

described in the following sections. 

Vacuum testing consisted of applying a soapy solution to the weld area and placing a vacuum 

box over the segment to be tested. The vacuum box was connected via an air hose to a vacuum 

pump. When the vacuum box was "seated" properly, the pump would create a suction on the 

geomembrane. While the vacuum was held, the seam segment was observed through the viewing 

window for the presence of soap bubbles indicating leakage. If no leakage was found, the next 

adjoining area was tested, ensuring that a typical overlap of 3 inches was maintained. If a leak 

was detected it was marked for repair, repaired, and subsequently retested. 

Pressure testing consisted of sealing the ends of the air channel created by a double track fusion 

seaming device. A needle/pressure gauge was then inserted into the air channel and the air 

channel was pressurized to at least 25 pounds per square inch (psi). The air channel was allowed 

to "relax" for a 2 minute interval, after which time the air pressure was noted. If the pressure 

had fallen below 25 psi, it was again pressurized to at least 25 psi and the pressure noted. The 

pressure was recorded 5 minutes after the relaxing period ended. If less than 2 psi of pressure 

was lost during the 5 minute period, the seam end opposite of the pressure gauge was cut. If the 

pressure gauge reading decreased to zero after the cut was made, the test was successful. If, 

however, the pressure had dropped more than 2 psi, or if the pressure gauge reading did not 

decrease to zero upon cutting the opposite end of the seam, the test failed. The process could 

be repeated in an attempt to isolate the failing area, but in any case, all failing seams or segments 

were marked for repair, repaired by extrusion seaming, and vacuum tested. 

Summaries of the seam continuity testing for the landfill geomembrane fusion and extrusion 

welded seams are presented with the seaming summaries in Appendices U.l and U.2, 

respectively. 
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6. 7.6 Seam Strength Destructive Testing 

Seam destructive samples were selected by GCS either randomly or because of a CQA monitor's 

suspicion of a defective seam. Of the approximately 35,783 linear feet of fusion and 17,476 

linear feet of extrusion seaming and seam reconstruction or capping performed, 78 fusion and 36 

extrusion seam destructive samples were obtained. The approximate resulting frequency of 

destructive testing was one per 459 linear feet of fusion seam and one per 485 linear feet of 

extrusion seam, which exceed project requirements. 

GCS observed as NSC removed all the seam destructive samples from the welded geomembrane 

liner for testing. In general, two specimens from each destructive sample were first field tested 

in peel and shear by NSC using a portable tensiometer. If the field destructive test specimens 

passed, the remaining portion of the destructive sample was removed from the geomembrane liner 

installation for laboratory testing. A 12 inch segment was labelled and archived on-site by GCS 

for Ford and an 18 inch segment was labelled and shipped to the geosynthetic laboratory for 

testing. Approximately one of every ten samples were tested by GCS' geosynthetic laboratory 

while nine of ten were tested by NSC' geosynthetic laboratory. During laboratory testing of 

fusion seams, five specimens were evaluated for peel and five specimens were evaluated for 

shear. Since both the outside and inside of the weld area were tested for peel, a total of ten peel 

tests for each seam destructive sample were performed. The acceptance criteria for fusion welded 

seam specimens was the same as that for the extrusion welded test specimens in that four out of 

the five specimens must not fail in the weld area. Additionally, project requirements specified 

that peel adhesion exceed 128 pounds per inch yield strength and those tested for shear exceed 

160 pounds per inch yield strength. 

For an extrusion seam destructive sample, ten specimens were removed for testing; five 

specimens were tested for peel and five specimens were tested for shear. The acceptance criteria 

for peel specimens was that four out of five specimens must not fail in the weld area. 

Additionally, project requirements specified that peel adhesion must exceed 104 pounds per inch 

yield strength and those tested for shear exceed 160 pounds per inch yield strength. 
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Of the 78 initial fusion and 36 initial extrusion destructive samples taken, 18 fusion and 8 

extrusion failed to meet project requirements. Each was tracked in both directions as welded and 

bound by passing destructive samples or completely reconstructed. All failed seam segments 

were repaired and non-destructively tested. Summaries of the primary geomembrane fusion and 

extrusion seam destructive test results are presented in Appendices V.l and V.2, respectively. 

6. 7. 7 Defects and Repair Observations 

Geomembrane panels were initially monitored for damage during deployment. Additionally, GCS 

observed the geomembrane panels and seams on an on-going basis throughout the installation 

process. Each observed defect was documented, assigned a unique identification "Defect Code", 

marked, and subsequently repaired and vacuum tested by NSC. Repairs made to the 

geomembrane are summarized in Appendix W. 

6.8 Leachate Collection and Removal System (LCRS) 

6. 8.1 General 

The LCRS within the landfill is constructed directly over the primary liner system. The LCRS 

consists of geonet and geotextile across the cell slopes and a I foot thick Class 2NS sand blanket 

with leachate collection piping across the floor. The components of the LCRS are discussed in 

the following sections. 

6.8.2 Geonet/Geotextile 

As stated above, the LCRS across the slopes of Cell 2 was comprised of geonet and geotextile. 

Following completion of the primary geomembrane liner, geonet was deployed by orientating it 

lengthwise from the cell crest to the toe. The geonet rolls were allowed to extend past the toe 

and onto the cell floor a nominal amount. The geonet panels were overlapped a minimum of 4 

inches and tied. The tie spacing used was 5 foot centers along the slopes, 2 foot centers across 

the slopes, and 6 inch centers in the anchor trench. 

Two layers of 8 ounce per square yard geotextile overlies the geonet. Both layers are oriented 

lengthwise from the cell crest to the toe. The lower layer was placed directly over the geonet 
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and allowed to extend past the cell toe onto the floor a nominal amount. The upper layer of 

geotextile extended continuously across the top of the sand blanket on the cell floor. Both 

geotextile layers were overlapped 4 inches and continuously sewn into place. 

6.8.3 Granular Drainage Material 

The granular drainage material or sand used within the pnmary LCRS was processed and 

supplied by Milford Sand and Gravel from their Kent Lake Sand Pit. As specified, the sand is 

classified as 2NS by MDOT and consists of I 00 percent minus 3/4 inch size and has an average 

permeability of I x 10·2 cm/s or greater. The sand testing performed on this project is discussed 

in Section 5.3.5. Summarized results of the testing is presented in Appendix D.2.2. 

Once accepted for use, the sand was placed across the landfill floor to a minimum depth of 12 

inches. The sand was spread evenly throughout the landfill using a low ground pressure dozer. 

GCS routinely checked the thickness of the sand blanket through the use of a sealed blunt probe. 

A summary of measured sand thicknesses is presented in Appendix X. 

As the sand was spread across the landfill, the placement procedures used and the underlying 

geosynthetic layers were visually monitored by GCS. Monitoring was carried out to identify any 

potential damage occurring to the geosynthetics and to identify and minimize the occurrence of 

wrinkles. 

6.8.4 Leachate Collection Piping 

The leachate collection piping consisted of SDR 7.3 HDPE piping perforated at the bottom with 

two rows of 0.5 inch diameter holes 60 degrees apart and at 4 inch centers. A 6 inch diameter 

pipe was used around the perimeter of the cell floor and extended at 45 foot centers between the 

north and south toes of slope while an 8 inch diameter pipe was used as a main header extending 

between the east and west toes of slopes. Each pipe was covered with 6A stone and enclosed 

in geotextile. 
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The pipe was placed by first removing the sand material at the designed locations across the cell 

floor. Geotextile was then placed through the resulting trench. The leachate collection piping 

was installed above the geotextile with the perforation 30 degrees from either side of the invert. 

The 6A stone was placed around and over the pipe to a minimum thickness of 8 inches. The 

geotextile was wrapped around the gravel, overlapped a minimum of 4 inches, and continuously 

sewn together. Finally, the sand blanket was placed over the collection piping to a minimum 

thickness of 12 inches. 

6.8.5 Primary Leachate Sump 

The primary leachate collection sump is located centrally on the cell floor. Following completion 

of the geomembrane lining of the sump, the 300 mil HDPE sump box, measuring approximately 

9 feet square and 3 feet deep, was positioned into the bottom of the sump. The 8 foot diameter 

and 12 inch thick precast concrete manhole base was then placed in the sump box and the 6 foot 

diameter corewall HDPE manhole was installed on top of the base. 

Following manhole placement, a flowable fill (fly ash cement) was used to fill the sump and sump 

box to the prescribed elevation. A void of approximately 2 inches located between the top of 

the flowable fill and the 80 mil "scuff' pad was filled with MDOT Class 2NS sand. The 80 mil 

"scuff'' pad was extrusion welded, connecting the HDPE manhole welding ledge to the 80 mil 

sump liner. 

The 8 inch diameter HDPE leachate collection header pipes were inserted into the manhole 

through cored openings. After the header pipes were inserted, each individual pipe was extrusion 

welded to the inside wall to complete the installation. 
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7.0 MECHANICAL/ELECTRICAL 

The mechanical pump systems consisted of two wheeled sump drainers located within the artesian 

water removal sump and the secondary leachate monitoring removal sump. Both pumps are 

removable through riser pipes located on the south slope at surface entry ports. The primary 

leachate manhole contains a 4.5 horsepower submersible pump connected to a three inch HDPE 

forcemain installed from the primary HDPE manhole to an existing forcemain located on the 

south side of Cell 2. Installation of Valve Pit No. I provided a tie in to the existing 3 inch 

HDPE forcemain which was contained within a 6 inch PVC containment pipe. 

GCS retained McNamee Industrial Services of Ann Arbor, Michigan to review all plans and 

Specifications for mechanical/electrical system approval. Representatives of the City of Allen 

Park Engineering Department made a final inspection which is required pursuant to the 

Mechanical Permit provided under contract provisions. 

Electrical controls for the pump systems consisted of three control panels and one splice box. 

The artesian and secondary leachate collection pump control panels were contained in one 

weatherproof stainless steel enclosure. Each pump unit has a digital display for low level (oft), 

high level (on) and high level alarm control functions. The primary leachate pump control panel 

is contained in a weatherproof stainless steel enclosure. The fluid levels and pump operation are 

controlled using float switches located within the primary manhole. A quick disconnect splice 

box was provided at the manhole location using a weatherproof stainless steel enclosure. This 

splice box was provided for pump maintenance disconnect and cable movement during fill 

operations. Electrical power was provided to this system from existing power panel, Box No. 

2. 

GCS retained McNamee Industrial Services to review and approve all electrical wiring cable and 

components specified in the construction plan. Representatives of the City of Allen Park made 

the final inspection required pursuant to the permit provided under contract provisions. 
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lLQ SURVEY CONTROL 

Throughout the construction process, lines, grades, and thicknesses of the various components 

of Cell 2 were surveyed for compliance with the project Specifications by MPS. · These surveys 

were performed typically using a "total station" system so that the elevations of discrete survey 

locations could be determined. Several of the drawings included in this report were obtained in 

part from MPS to represent the lines and grades of the final configuration. As stated previously, 

GCS also frequently measured thicknesses of various layers to check for compliance with project 

Specifications. These layers included compacted clay lift thickness, sand, and gravel thicknesses. 

Additionally, GCS would use field measurement techniques to approximate certain test locations. 

Golder Construction Services, Inc. 



June 1993 42 917-1203 

9.0 SUMMARY 

Golder Construction Services, Inc. was retained by Ford to provide third party CQA monitoring 

and testing services duririg the construction of the lining system within Phase I, Cell 2 at the 

Allen Park Clay Mine Landfill facility located in Allen Park, Michigan. Construction of the 

major components of the landfill included: the cell base floor; artesian water collection/removal 

system; secondary geomembrane liner; secondary leachate collection/removal system; 

recompacted clay liner; primary geomembrane liner; and the leachate collection/removal system. 

Based on the test results and the data presented herein as well as the observations made by GCS, 

the construction was carried out in substantial compliance with the facility Permit, design, 

technical specifications and CQA plans including modifications and collectively referred to as 

the project Specifications. 
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NTH Consultants, Ltd. 
38955 Hill! Tech Drive, • P.O. Box 9173, Farmington Hill!, Michigan 48333-9173 • (313) 553-6300 • F": i313) 489-0727 

April 27, 1993 
NTH Project No. 13-9365-03 

Mr. Jeffrey L. Hartlund, P.E. 
Environmental Control Engineer 
Environmental Quality Office 
15201 century Drive, Suite 602 
Dearborn, MI 48120 

RE: Specification Clarifications 
Allen Park Clay Mine Landfill - Cell II 
Allen Park, Michigan 

Dear Mr. Hartlund: 

This letter presents clarifications to the specifications of Cell 
II of Allen Park Clay Mine Landfill (APCML). The clarifications 
describe design requirements for the geosynthetio cirainage layer 
(geonet) and geomembrane intended for use in the construction of 
the double-composite liner system. These clarifications have been 
verbally presented to involved parties during the construction of 
the cell. Background data and our clarifications are described in 
the following paragraphs. 

Cell II of APCML has been permitted as a Hazardous Waste Disposal 
Area. NTH Consultants, the design engineer, presented the project 
specifications in a document entitled "Specification No, APCML9l-5, 
Type I Hazardous Waste Cell Construction", issued June, 1989 i!lnd 
revised Mach 18, 1992, The construction of the cell is expected to 
be completed in April 1993. 

The cell design calls for the construction of a d9uble-composite 
liner system. This system consists of the following components, 
from bottom upward: (1) secondary clay liner; (2) seepage water 
collection system consisting of geonet, geotextile and piping 
system; (3) secondary flexible membrane liner; (4) leak detection 
system consisting of geonet, geotextile and piping system; (!i) 
primary liner system consisting of five feet of compacted clay 
overlain by a flexible membrane liner; and (6) leachate collection 
system consisting of qeonet, geotextile, sand, gravel and piping 
system. 

During construction operations, clarifications of the specifi
cations were requested regarding the cross direction tensile 
strength and transmissivity of the geonet and hardness of the 
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Mr. Jeffrey L. Hartlund 
Project No. 13-9365-03 
Apri~ 27, 1993 
Page 2 

geomemPrane intended for use in the construction of the double
composite liner system. These clarifications are summarized below: 

Geosynthetio Drainage Layer (Geonet): 

Cross Direction Tensile Strength - The geonet is not a structural 
member and is not designed to be subjected to tensile stresses. 
However, the geonet will sustain some tensile stresses due to 
temperature changes or self weight when installed on slopes. The 
geonet must have enough tensile strength to withstand such 
stresses. It is our professional opinion that, in the cross 
direction, a tensile strength of 2B pounds per linear inch is 
sufficient to withstand these stresses in normal conditions. 

Cross Direction Transmissivity - Based on the results of our design 
calculations, the required transmissivity for the geonet to 
transfer the expected flow in the seepage 1 leak detection, an5! 
l~achate collection systems is equal to or greater than 1.5 X 10 
m ;sec. 

Flexible Membrane Liner: 

Harqness - The average hardness for the liner material must be 
greater than or equal 60 Shore D. The value shown in the project 
specifications (hardness less than or equal 60 Shore D) is a 
typographic error. As shown in the project specifications, the 
specimen minimum and maximum values are 54 and 66 Shore D, 
respectively. 

We trust that this letter provides sufficient information for your 
current needs. If you have any questions, do not hesitate to 
contact us. 

sincerely, 

NTH CONSULTANTS, LTD. 

dM~~ .1.. ,JJJ~ .. "' .......... 
Ibraheem s. Alshunnar 
Project Engineer 

ISA/BT/pd 

E1\Ltr.3\9365·03.427 

~~ 
Benedict Tiseo, P.E. 
President 
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GeoSyntec Consultants 

1. INTRODLCTION 

GeoSyntec Consultants' Materials Testing Laboratory (GeoSyntec 

Consultants) prepared this report as requested by Mr. David List of 

Golder Construction Services, Inc. (Golder). GeoSyntec Consultants was 

asked to fingerprint geosynthetic samples taken from the Ford Motor 

Company site. GeoSyntec Consultants was also asked to compare the 

results of this test program with results obtained previously in the 

Wayne Disposal chemical compatibility project (GeoSyntec Job Number G87-

294). The previous test program, conducted according to a test protocol 

developed by RMT, Inc. and GeoSyntec Consultants, was completed in 1988. 

2. TEST PROGRAM 

In this program, the following geosynthetics were fingerprinted: 

• National Seal Company (NSC) polyethylene (PE) geomembrane; 

• Amoco polypropylene (PP) geotextile; 

• Conwed (PE) geonet; and 
• two samples of Plexco high density polyethylene (HOPE) pipe, one 

sample from the site and one new sample. 

The following properties measured: 

Property 

Crystallinity 
Oxidative Induction 

Temperature (OIT) 

Composition 

Method 

ASTM E 793 

Differential 
Scanning Calorimetry (DSC) 

Thermal Gravimetric 
Analysis (TGA) 

MC5148/F920475 1 
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Structural Properties 
Melt Flow Index (MFI) 
Mass per Unit Area* 
Thickness* 

Infrared Spectrophotometry (IR) 
ASTM D 1238 
ASTM D 3776 
ASTM D 1777 

*Measured only on geonet and geotextile. 

The specific test details are provided in Section 3. 

3. TEST DETAILS 

3.1 Test Parameters 

The specific test parameters are presented below. 

Crystallinity A Perkin Elmer DSC IV with a system IV 
microprocessor and model 3700 data acquisition facility was used. The 
analysis was conducted according to ASTM E 793, "Test Methods for Heats 
of Fusion and Crystallization by Differential Scanning Calorimetry". The 
analyses were run in nitrogen using a heating rate of 20'C/min. 

0 IT - A Perkin Elmer DSC IV with a system IV microprocessor and 
model 3700 data acquisition facility was used. The analyses were 
conducted in air, using a heating rate of 20'C/min. 

Composition - A Perkin Elmer TGS II with a system IV microprocessor 
and model 3700 data processing and acquisition facility was used. The 
analyses were conducted in nitrogen at a heating rate of 40'C/min. 

MFI - MFI va 1 ues were obtai ned using ASTM 0 1238, "Test Method for 
Flow Rates of Thermoplastics by Extrusion Plastometer". 

Thickness- ASTM D 1777, "Method for Measuring Thickness of Textile 
Materials". 

MCS!48/F92047S 2 
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Mass Per Unit Area - ASTM D 3776, "Test Methods for Mass Per Unit 

Area of Woven Fabrics". 

3.2 Microstructural Test Description 

Microstructural test methods were used in this test program. Such 

test methods are typically used for polymer characterization. A 

description of the microstructural test methods is provided below. 

3. 2.1 DSC 

DSC measures the thermal properties of a material. In a DSC 

analysis, a sample is heated at a controlled rate, and the samples 

absorption or emission of heat is measured. When a sample absorbs heat, 

an endotherm is generated. A sample's emission of heat generates an 

exotherm. Endotherms and exotherms are described below. 

3.2.1.1 Endotherms 

Endotherms are curves generated by DSC, showing the amount of heat 

absorbed by a sample. The area under the curve is associated with heat 

absorbed by the sample. Samples absorb heat when they melt. The amount 

of heat absorbed by a sample when it melts is associated with its 

crystallinity. Accardi ngly, from the area under the endotherm, the 

crystallinity of a sample can be calculated. 

MCSl48/F920475 3 
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3.2.1.2 Exotherms 

Exotherms are related to the amount of heat emitted by a sample. 
A sample emits heat when it undergoes oxidation. The temperature at the 
onset of the sample's reaction with oxygen occurs, is the sample's 
oxidative induction temperature (OIT) and is associated with its 
oxidative stability. 

3.2.2 TGA 

TGA monitors a sample's weight as the sample's temperature is 
increased at a controlled rate. As a sample is heated, its components 
decompose, and accordingly, the sample looses weight equal to the 
components' weight. Having different thermal stabilities, the components 
decompose at different temperatures. Because a sample's weight is 
monitored as a function of temperature, it is possible to calculate a 
sample's percentage composition. TGA generates a weight loss diagram of 
a sample. 

3.2.3 IR 

Molecular structure is analyzed using infrared spectrophotometry 
(IR), a technique that subjects a sample to infrared radiation. 
Molecules consist· of individual components that each respond, at 
different frequencies, to infrared radiation. When the infrared 
frequency matches the vibrational frequency of a molecular component, the 
molecular component absorbs infrared radiation. After a sample has been 
exposed to infrared radiation, an infrared spectrum of the sample is 
obtained. Every material has a unique infrared spectrum, making IR a 
useful technique for characterizing materials. 

MCSl48/F92047S 4 
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4. RESULTS AND DISCUSSION 

4.1 NSC Geomembrane 

4.1.1 Differential Scanning Calorimetry 

The results of the NSC geomembrane's OSC analysis, derived from the 

geomembrane's endotherms and exotherms, are presented in Table 1. The 

endotherms and exotherms are provided in Appendix A. 

TABLE 1. DSC Analysis of the NSC Geomembrane 

Property 

Crystallinity 

Oxidative 
Induction 
Temperature 

% 

·c 

Archive 

56 

252 

51 

276 

The archive and new NSC geomembranes have similar crystallinity and 

OIT results, indicating that the geomembranes probably have similar 

morphologies. The small differences are within the expected range for 

inherent material variability. In addition, the new sample's higher OIT 

result indicates that the antioxidant package now being used is more 

effective than the one used in the archive sample. 

MC5148/F920475 5 
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4.1.2 Thermal Gravimetric Analysis 

The results of thermal gravimetric analysis are presented in Table 
2. The results were derived from weight loss diagrams provided in 
Appendix B. 

TABLE 2. TGA Analysis of the NSC Geomembrane 

Property Archive 

Volatiles % 0.00 1.34 

Polymer % 96.04 95.99 

Residue % 3.96 2.67 

As with results of crystallinity and OIT, the archive and new 
geomembranes' composition results are similar, indicating that the 
geomembranes are of nearly equivalent formulations. The small 
differences are probably due to the inherent material variability of the 
geomembranes. 

4.1.3 Structural Analysis 

The results of infrared analysis of the archive and of the new NSC 
geomembranes, respectively, are presented in Figures 1 and 2. 

MCS148/F920475 6 
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Figure 1. IR Analysis of the Archive NSC Geomembrane 

Figure 2. IR Analysis of the New NSC Geomembrane 
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Examination of Figures 1 and 2 reveals that the IR spectra for the 
archive and the new NSC geomembranes are nearly identical. Based on the 
spectral characteristics, theIR spectra verify that the geomembranes are 
polyethylene based [ASTM D 276]. The small differences in band heights 
is attributed to sample preparation, a procedure that may affect spectral 
band height, but not band appearance or position. 

4.1.4 Melt Index 

The melt index values for the archive and new NSC geomembranes are 
0.5100 g/10 min and 0.3400 g/10 min respectively. The melt.index values 
differ slightly, indicating that changes in the resin, according to the 
manufacturer, were made to improve its processabil ity, changes that 
should not alter the performance of the geomembrane. 

4 .1. 5 Geomembrane Summary 

The geomembranes' properties were generally very similar, indicating 
equivalency in the geomembranes' formulation. The small differences in 
OIT and melt index may be attributed to improvements in the new 
geomembrane's formulation. Such changes should improve the performance 
of the new geomembrane. 

MC5148/F920475 8 
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4.2 Amoco Geotextile 

4.2.1 Differential Scanning Calorimetry 

The results of the Amoco geotextile's DSC analysis, derived from the 

geomembrane's endotherms and exotherms, are presented in Table 3. The 

endotherms and exotherms are provided in Appendix A. 

TABLE 3. OSC Analysis of the Amoco Geotextile 

Prooerty 

Crystallinity 

Oxidative 
Induction 
Temperature 

caljg 

·c 

Archive 

27 

211 

25 

215 

Inspection of Table 3 reveals that the archive and new geotextiles 

have nearly the same crystallinity and OIT values. The small differences 

may be attributed to inherent material variability. 

4.2.2 Thermal Gravimetric Analysis 

The results of therma 1 gravi'metri c ana 1 ys i-s of the archive and new 

Amoco geotexti'le are presented in Table 4. The results were derived from 

weight loss diagrams provided in Appendix B. 

MC5148/F920475 9 
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TABLE 4. TGA of the Amoco Geotextile 

Property Unit Archive New 

Volatiles % 1.49 0.69 

Polymer % 97.49 97.64 

Residue % 1. 02 1.66 

Evaluation of the geotextiles' TGA indicates that their composition 
is very similar. As with their crystallinity and OIT results, the 
geotextiles' composition also shows small differences. Such differences 
may be attributed to inherent material variability, since TGA isolates 
localized extremes in composition, extremes which are artifacts of the 
small sample size required for the analysis. These results indicate that 
the geotextiles' are equivalent compositionally. 

4.2.3 Structural Analysis 

The results of infrared analysis of the archive and of the new Amoco 
geotextiles are presented Figures 3 and 4 respectively. 

MC5148/F920475 10 
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Figure 3. IR Analysis of the Archive Amoco Geotextile 

-·------- ·----
"~·--- ..... ~ .... ·--- .. ---· 

Figure 4. IR Analysis of the New Amoco Geotextile 
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Examination of the IR spectra for the archive and the new 
geotextiles reveals that the geotextiles have the same molecular 
structure because their spectra are identical. The spectra are 
consistent with polypropylene's spectrum [ASTM D 276]. The small 
differences in the band heights may be attributed to variances in sample 
preparation, a process that can affect IR band height. 

4.2.4 Melt Index 

The melt index values for new Amoco geotextile is 5.0856 g/10 min. 
The geotextiles' melt index in the original test program was not 
evaluated; therefore, no melt index value is being reported for the 
archive geotextile. 

4.2.5 Mass per Unit Area and Thickness 

The mass per unit area and thickness values for the archive and new 
Amoco geotextile are reported in Table 5. 

Table 5. Mass/Area and Thickness Results 

Property 

Mass per 
Unit Area 

Thickness in. 

Archive 

8.6 8.6 

0.09 0.09 

Evaluation of the data reported in Table 5 indicates that the 
thickness and mass per unit area of the archive and the new geotextiles 
are the same. 
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4.2.6 Geotextile Summary 

Results of the geotextile fingerprinting tests indicate that the 

geotextiles are generally equivalent. The small differences in 

crystallinity, OIT, and composition are attributed to inherent material 

variability. The differences in the geotextiles' IR spectra is due to 

variations in sample preparation. Therefore, the archive and new 

geotextiles appear generally to be equivalent. 

4.3 Conwed Geonet 

4.3.1 Differential Scanning Calorimetry 

The Conwed geonet's DSC analysis results, 

endotherms and exotherms, are presented in Table 6. 

exotherms are provided in Appendix A. 

TABLE 6. DSC Analysis of the Conwed Geotextile 

Property 

Crystallinity 

Oxidative 
Induction 
Temperature 

% 

·c 

Archive 

41 

244 

derived from its 
The endotherms and 

40 

261 

The results of DSC analysis of the geonet indicate that the archive 

and new geonets have very similar formulations. Slightly higher than the 

archive sample value, the new geonet's O!T value indicates that it 

contains a more effective anti oxidant. Moreover, both samp 1 es have 

nearly the same crystallinity values have nearly the same crystallinity 

values, indicating that they are of equivalent morphology. 
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4.3.2 Thermal Gravimetric Analysis 

The archive and new geonet TGA results are presented in Table 7. 
The results were derived from weight loss diagrams provided in Appendix 
B. 

TABLE 7. TGA Analysis of the Conwed Geonet 

Property Archive 

Volatiles % 1. 03 0.27 

Polymer % 98.38 97.65 

Residue % 0.59 2.07 

The TGA results show some differences; however, these differences 
can be expected in TGA results, since TGA is sensitive to isolated 
variations in a material's composition. 

4.3.3 Structural Analysis 

The results of infrared analysis of the archive and of the new 
Conwed geonet respectively are presented Figures 5 and 6. 
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~====:::.::3~~~.=., ______ ,., ___ ._[ -· 
Figure 5. IR Analysis of the Archive Conwed Geonet -----·-""""-

~-· 

Figure 6. IR Analysis of the New Conwed Geonet 
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Examination of Figures 5 and 6 reveals that the IR spectra for the 
archive and the new geonet samples are the same. The spectra verify that 
the geonets are polyethylene based [ASTM D 276]. 

4.3.4 HFI 

The original archive value, 0.169 g/10 min, was much below that of 
the new geonet and was lower than the manufacturer's data (approximately 
0.9 g/10 min). Because of the large difference, the archive sample was 
retested. The MFI value for the archive geonet, according to the retest, 
is 0.8920 g/10 min and the new geonet's value is 0.9991 g/10 min. The 
new archive value, 0.8920 g/10 min, is consistent with the expected 
manufacturer's value. Using the archive sample's retest MFI value for 
comparison, the MF I values for the archive and new geonets are very 
similar. Such a similarity indicates that the archive and new geonets 
were made of nearly equivalent resins. 

4.3.5 Mass per Unit Area and Thickness 

The new Conwed geonet's mass per unit area and thickness values are 
32.9 ozjyd2 and 0.3 in respectively. In the original test program, 
archive geonet's mass per unit area and thickness were not measured. 

4.3.6 Summary of Geonet Results 

The properties of the archive and of the new geonet genera 11 y appear 
to be similar, indicating that the geonets were probably made from 
equivalent formulations. The small differences are most likely 
attributed to inherent material variability. 
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4.4 

4.4.1 Differential Scanning Calorimetry 

The results of the Plexco pipes' DSC analysis, derived from the 

pipes' endotherms and exotherms, are presented in Table 8. The 

endotherms and exotherms are provided in Appendix A. 

TABLE 8. DSC Analysis of the Plexco Pipes 

Property 

Crystallinity 

Oxidative 
Induction 
Temperature 

% 

·c 

Archive 

34 

245 

Site-Sample 

53 

183 

49 

272 

Inspection of Table 8 reveals that the pipes have some differences 

in their crystallinity and in their OIT values. The differences between 

the archive sample and the new sample will be discussed first, followed 

by a discussion on the differences between the archive and the site

sample. 

4.4.1.1 Archive and New Pipe Samples 

The archive and new pipe samples show some difference in 

crystallinity. Because DSC measures crystallinity in very small 

specimens, isolated extremes in a material's crystallinity can be 

observed. The low crystallinity value of the archive pipe (34%) is 

attributed to this effect. The new sample's crystallinity value is 

consistent with those obtained typically in polyethylene pipe materials. 
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The OIT value for the new sample is slightly higher than that of the 
archive sample, indicating that the new sample has a more effective 
stabilizer package. 

4. 4 .1. 2 Archive and Site Pipe Samples 

As discussed in Section 4.4.1.1, the crystallinity values of the 
archive and of the site sample pipes show a difference similar to that 
between the archive and the new pipe sample, attributed to the normal 
isolated extremes in the material's crystallinity. 

The site sample's OIT is significantly lower than the archive 
sample's OIT, indicating that the site sample had been exposed to 
sunlight. Ultraviolet radiation and heat from sunlight consume 
antioxidants, reflected in the site sample's lower OIT value. 

4.4.2 Thermal Gravimetric Analysis 

Derived from weight loss diagrams provided in Appendix 8, the 
results of thermal gravimetric analysis of the Plexco pipes are presented 
in Table 9. 

TABLE 9. TGA of the Plexco Pipes 

Property Unit Archive Site-Sample New 

Volatiles % 0.00 0.09 0.80 

Polymer % 96.60 95.62 96.44 

Residue % 3.40 4.29 2.75 
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The results of TGA for the pipe samples are generally similar, 

indicating that the pipes were made from the same basic compositional 

formulations, which are typical of polyethylene pipe materials. 

4.4.3 Structural Analysis 

The results of infrared analysis of the Plexco pipes are presented 

in Figures 7, 8, and 9. 

Figure 7. IR Analysis of the Archive Plexco Pipe 
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Figure 8. IR Analysis of Site-Sample 

Figure 9. IR Analysis of New Plexco Pipe 
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Examination c·: the pipes' IR spectra reveals that the spectra are 

nearly identical, and as expected, reveals that the pipes are 

polyethylene based [ASTM 0 276]. 

4.4.4 HFI 

The MFI values for the archive, site-sample, and new Plexco pipes 

are 0.0800 g/10 min, 0.1185 g/10 min, and 0.1122 g/10 min respectively. 

The values are generally similar, indicating that the pipes' base resins 

are similar. 

4.4.5 Pipe Summary 

The pipes' fingerprinting tests indicate that the pipes are 

generally equivalent. The most significant difference is between the 

site sample and the archive and new pipe samples, a difference attributed 

to the site sample's exposure at the site. 

5. CONCLUSIONS 

Fingerprint analysis of the geosynthetics indicated that the 

geosynthetics are generally equivalent in formulation. Small differences 

were observed between some of the archive and new samples; however, these 

differences were attributed to material variability. The largest 

difference was found between the site pipe sample and the archive and new 

pipe samples, a difference attributed to the site pipe sample's outdoor 

exposure. In conclusion, these fingerprinting tests indicate that the 

new geosynthetics are generally equivalent to their respective archive 

samples. 
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AMOCO 4 OZ GEOTEXTILE (INITIAL) 

100. DO WT, 

1. 9585 mg RAE: 40. 00 deg/m in 

lOOZ 98. 51Z 

FROM• 145.6 
TO, 381. 86 

WT Z CHANGE, 1. 48 

FROM, 381. 86 
To. 563. 14 

WT Z CHANGE, 97. 49 

FROM, 563. 14 

50.00 + TOo 646.48 
WT t CHANGE, • 4 

1. oz;: . BH 

D. DO 
110.00 170.00 230.00 290.00 350.00 410.00 470. 00 530.00 590.00 fi50.00 

FILE: OSAV£ TG TEMPERATURE CC) TG 

JATC:: '8/05/ 13 TIME: 10: 19 



,. 

AMOCO PP GTX WT• 4.8581 mg RATE• 40.00 dag/min 

100.00 -r--------------t--====--- ----

I-
I 
l:l 

FRDMo 324.7 
TOo 508. 1 

WT r. CHANGEo 97.64 

w 50.00 
3: 

N 

0• 0
0 ' do. oo do. oo 1 do. oo 2.40.00 

LCT FILEt PPGTX. TC 

. rE. YY /MM/00 TIME• 06,26 

99. 31 r. 

1. 661. 

-::-:!-:-----. 
300.00 360.00 s4o.oo -6oo.oo 660.00 

TEMPERA TLIRE CD TG 



CONWED GEONET (INITIAL) 
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FORD CONWED GNT WTa 7.4089 mg RATE• 40.00 deg/min 

100. 00 99. 737. 

1--
I 
l:J 

FRDMo 403.48 
TOo 522.61 

WT X CHANGE, 97.65 

w 50.00 
3: 

N 

0. 00 60.00 lE. oo 200. oo -- -21o. oo 

1 r;r FILEr FOCON. TC 

uATEo YY/MM/00 TIMEa 01, 42 

2.077. 

\._L 
3to. 00 410. 00 4BD~~-sso. DO- 620. 00 silO. 00 7!lo. 00 

TEMPERATURE CD TG 
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FORD PIPE 1 'liT I 4.8438 mg RATE• 40.00 dgg/min 

1~00 +---------------------4-~~------------------------

FROI·h 257. 19 
ro. 528.89 

WT r. CHANGEa 95.62 

99.917. 

1-t 50.00 
w 
3: 

N 

4.297. 

0. 00 I i!O 20: ~ 4 . 3ilo ----. ~· 00 :-i 600 I I 
- u • - -- • - u 2 0. 00. 00 36o. 00 40. 00 4 . 00 540. 00 • 00 660.00 

LCT F fLEz FORD!. TG TEMPERATURE (C) TG 
L .. , E. YY /MM/00 TIME• oo, 37 
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FORD PLEXCO PIPE wT. 2.5336 mg RATEo 40.00 dsg/min 

100.00 -r-------------1--~---
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WT r. CHANGE, 95. 44 
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SOIL LINER 





JUNE 1993 

2 

3 

3A 

4 

5 

6 

7 

6 

9 

10 

\1 

12 

13 

14 

15 

16 

17 

16 

19 

20 

21 

22 

22A 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

1-696 

1-696 

1-696 

1-696 

NATIVE 

1-696 

1-696 

LONDON 

ANN ARBOR 

LONDON 

LONDON 

1-696 

LONDON 

NATIVE 

NATIVE 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

lONDON 

LONDON 

LONDON 

1-696 

l-696 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

LONDON 

lONDON 

SUMMARY OF PRECONSTRUCTION LABORATORY TESTING- CLAY SOILS 
ALLEN PARK CLAY MINE- CELL 2 

BAG 110 

NO.6 

NO.7 

NO.2 

BLOCK 104 

BLOCK 113 

S-4 

3 

S-5 

P-1 

P-2 

BAG 100 

L-1 

N-1 

N-2 

PC-1 

PC-2 

PC-3 

PC-4 

PC-5 

PC-7 

Sl-1 

Sl-2 

PC-9 

PC-10 

PC-11 

PC-12 

PC-13 

PC-14 

PC-15 

PC-16 

PC-21 

PC-18 

PC-19 

PC-20 

PC-17 

PC-22 

9.3 

9.2 

13.7 

9.2 

13.9 

8.2 

9.4 

10.3 

12.5 

13.9 

10.4 

12.1 

12.4 

31.3 

10.1 

9.2 

12.0 

11.8 

11.3 

6.9 

9.0 

16.8 

13.1 

14.1 

12.8 

12.8 

FORD MOTOR CO. 

26 

24 

25 

16 

32 

27 

24 

24 

16 

25 

25 

25 

26 

25 

26 

25 

26 

26 

27 

28 

25 

25 

26 

26 

25 

26 

27 

26 

26 

27 

26 

27 

26 

26 

27 

(") 

14 

14 

13 

13 

10 

17 

14 

13 

13 

10 

13 

14 

13 

14 

16 

15 

15 

16 

16 

16 

15 

14 

14 

15 

15 

13 

15 

16 

16 

16 

15 

16 

15 

16 

16 

15 

(") 
12 

12 

\1 

12 

15 

13 

\1 

\1 

8 

12 

\1 

12 

12 

9 

\1 

10 

10 

10 

10 

10 

\1 

10 

\1 

\1 

12 

\1 

\1 

10 

10 

12 

10 

12 

10 

10 

12 

MODIFIED PROCTOR 

MAXIMUM 

ORV 

OENSITY 

(poQ 

133.6 

133.9 

135.5 

135.5 

134.0 

132.4 

132.6 

133.2 

132.4 

133.5 

122.3 

128.2 

132.8 

132.1 

134.9 

132.8 

132.5 

132.5 

134.0 

133.5 

130.5 

132.0 

134.5 

130.5 

133.0 

129.0 

133.0 

135.0 

135.0 

131.5 

132.0 

130.5 

132.0 

133.5 

132.5 

131.5 

132.0 

131.5 

9.0 

8.5 

9.0 

8.8 

9.4 

9.3 

8.5 

9.4 

8.5 

12.7 

9.8 

9.1 

9.1 

8.8 

9.0 

8.5 

9.0 

8.5 

9.0 

9.5 

9.5 

8.5 

9.5 

9.0 

11.0 

9.5 

8.5 

9.0 

9.0 

10.0 

10.5 

9.5 

9.5 

9.0 

9.0 

9.5 

10.0 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

Cl 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

CL 

Cl 

CL 

Cl 

CL 

CL 

CL 

NTH 

GAl 

GAl 

GAl 

NTH 

NTH 
GAl 

GAl 

GAl 

GAl 

GAl 

NTH 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

GAl 

917-1203 

NO GRAIN SIZE PLOT 

NO GRAIN SIZE PLOT 

NO GRAIN SIZE PLOT 

NO GRAIN SIZE PLOT 



CURVE 1 
N T H C 0 N S U L T A NT S, L T D. 

MOISTURE- DENSITY RELATIONS 

PROJECT: Allen Park Clay Mine - Cell II PROJECT NO.: 89365 CJN 

LOCATION: Allen Park, Michigan DATE: 11/18/89 

SUPPLIER/SOURCE: I-696 Excavation TESTED BY: JN 

SAMPLE LOCATION: Cell II; 3560 6970E, elevation 579.2 CHECKED BY: SG 

METHOO OF COMPACTION: ASIM D-1557 Methcd A LAB SAMPLE NO.: 7282 

MOLD NO.: A VOLUME: 0. 0330 CUBIC FEET MATERIAL DESIGNATION NO.: Bl=k 115 

SAMPLE DESCRIPTION: Gray SIIll"l CIAY with Some Sand and Trace of Gravel 

MAXIMUM DRY DENSITY: 133. 6 PCF OPTIMUM MOISTURE CONTENT: 10.2 % 

5 7 9 11 13 

NTH/2.88.oo6 



NTH Consultants, Ltd. 

GRAIN SIZE DISTRIBUTION CURVE 

Project No. 89365-0W Lab Sample No. __ c_7:c28:c2:_ ____ _ Source I-696 Excavation 

Project Location Dearborn, Michigan For AllenParkCiayMine -As Built Characteristics 
---

Boring No. ~ Field Sample No. 81 ock 115 Sample Deplh Sample Elev. (Tip)------------

Sample Description Gray SILTY CLAY with Some Sand 

Sampled By OHH Date 10/24/89 
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TABULATION OF LABORATORY TEST DATA 

Date: 11/18/89 

NTH Pro). No.: 89365 00 

Sample Designation: Block 115 

NTH Consultants, Ltd. 

ALIEN PARK CLAY MINE 
ALIEN PARK, MiaiTGAN 

Sample Location: Cell II; 3560N 6970E; elevation 579.2 

Lab Sample No.: 7282 

Date Sampled: 10/24/89 

Soli Properties and Description 

GRAIN SIZE DISTRIBUTION: 

Gravel: 1.9 % 

Coarse Sand: 2.4 % 

Medium Sand: 5.8 % 

Fine Sand: 20.9 % 

Sitt 35.7 % 

ATIERBERG LIMITS 

Liquid Limit: 2 6 
Ptasticrty Index: 12 

Clay: 33.3 % UNIFIED SOIL CLASSIFICATION: CL 

SAMPLE DESCRIPTION: 

Gray SILTY CLAY with Soma Sarrl and Trace of Gravel 

Modified Proctor Test Result 
(Per ASTM D 1557-78} 

Maximum Dry Density: 133.6 pcf 

Optimum Moisture Content: 10. 2 % 

Moisture/Density and Permeability Relationship 

Moisture 

Content: 
11.9 % 

REMARKS: 

1. 

2. 

Percent of 

Maximum Dry Density 

94.1 % 

Coefficient of 

Permeability (1) 

K = 4.7E- 9 em/sec 

Checked By: ___________ _ 



CURVE 2 

N T H C 0 N S U l T A NT S, L T D. 

MOISTURE- DENSITY RElATIONS 

PROJECT: Allen Park Clay Mine - Cell II PROJECT NO.: 89365 00 

LOCATION: Allen Park, Michigan DATE: 09/04/89 

SUPPLIER/SOURCE: I -696 Excavation TESTED BY: GM 

SAMPLE LOCATION: I-696 Stockpile CHECKED BY: SG 

METHOD OF COMPACTION: AS'IM D-1557 Methc:d A LAB SAMPLE NO.: 7013 

MOLD NO.: B VOLUME: 0.0330 CUBIC FEET MATERIAL DESIGNATION NO.: Bag 110 

SAMPLE DESCRIPTION: Gray SIIllY CU\Y with Sorroe Sand and Trace of Gravel 

MAXIMUM DRY DENSITY: 133.9 PCF OPTIMUM MOISTURE CONTENT: 9. 0 % 

5 7 9 11 13 

NTHi2.88..Q06 



NTH Consultants, Ltd. 

GRAIN SIZE DISTRIBUTION CURVE 

Project No. 89365-0W Lab Sample No. 7013 Source ---"l-oJ6:>.:9trfiL.tFJ..XLCBd'V~Uaut.1·=--c-~-:--::-------------
Projectlocation Allen Park, Michigan For AllenParkCiayMine _Material Characteristjcs 

Boring No. Field Sample No. Bag 110 Sample Depth Sample Elev. (Tip)------------

Sample Description Gray SILU CLAY wjtb Some Sand and Trace of Gravel 

Sampled By MJ Date 914189 Tested By_.E,.W=·------- Date 9-8-89 
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TABULATION OF LABORATORY TEST DATA 

NTH Consultants, ltd. 

Date: 10/24/89 

NTH Proj. No.: 89365 CM 

Sample Designation: Bag 110 

Sample Location: I -696 Stockpile 

Lab Sample No.: 7013 

Date Sampled: 09/04/89 

Soli Properties and Description 

GRAIN SIZE DISTRIBUTION: 

Gravel: 1.0 % 
Coarse Sand: 2.0 % 
Medium Sand: 6.0 % 
F1ne Sand: 23.0 % 
Silt: 34.0 % 

Clay: 34.0 % 

SAMPLE DESCRIPTION: 

ALIEN PARK ClAY MINE 
ALIEN PARK, MIClliGI\N 

ATTERBERG LIMITS 

Uquid Umit: 2 6 

Plasticity Index: 12 

UNIFIED SOIL CLASSIFICATION: CL 

Gray SILTY ClAY with Same San:i an:i Trace of Gravel 

Modified Proctor Test Result 
(Per ASTM D 1557-78) 

Maximum Dry Density: 133.9 pet 
Optimum Moisture Content: 9 ~ 0 % 

REMARKS: 

1. 

2. 

Checked By: ------------
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COMPACTION TEST RESULTS 
CURVE 4 
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NTH C 0 N S U L T A NT S, L T D. 
CURVE 5 

MOISTURE· DENSITY RELATIONS 

PROJECT: Allen Park Clay Mine - Cell II 

LOCATION: Allen Park, Michigan 

SUPPLIER/SOURCE: 

SAMPLE LOCATION 

Cell II Native Soil 

3650N, 7300E 

METHOD OF COMPACTION: AS'IM D-1557 Method A 

MOLD NO.: B VOLUME: 0. 0332 CUBIC FEET 

PROJECT NO.: 89365 Ckl 

DATE: 8/18/89 

TESTED BY: CM 

CHECKED BY: SG 

LAB SAMPLE NO.: 6480 

MATERIAL DESIGNATION NO.: Block 104 

SAMPLE DESCRIPTION: Gray SIUI'Y CLAY with Little Sard ard Gravel 

MAXIMUM DRY DENSITY. 132.4 PCF OPTIMUM MOISTURE CONTENT: 9. 4 % 

• 

. ' 

6 8 10 12 14 

NTH/2.88-QC£ 



NTH Consultants, Ltd. 

GRAIN SIZE DISTRIBUTION CURVE 

Projecl No. 89365 OW Lab Sample No. 6480 Source Cell II Na~~8Ui-~~~~~~~~~~~~~~~~~~-
Project Location Allen Park. Michigan For Allen Park Clay Mine - Material Ch~~acte~r~i~s~t~i~c~s~~~-

Boring No. field Sample No. Block 104 Sample Depth Sample Elev. (Tip) _____________ _ 

Sample Description Gray SillY CU\Y with Li c .':.t.':.t l~e:_:S:-:a~n~d~a~n~dc_:T.:_r::a.':.c.':.e.:o'Ct::.-_:G~r-.:a:_:v:_:oe~l----------------------------~--~-

Sampled By MJ Date 8/10/89 Tested By_~__rMc;Sc__~~~~- Date R/17/89 
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TABULATION OF LABORATORY TEST DATA 

Date: 08/29/89 

NTH Pro). No.: 89365 CM 

Sample Designation: Block 104 

NTH Consultants, Ltd. 

ALIEN PARK CIAY MINE 
ALIEN PARK, MiaiTGAN 

Sample Location: Cell II South Stabilization Berm, 3650N, 7300E 

Lab Sample No.: 6480 

Date Sampled: 08/10/89 

Soli Properties and Description 

GRAIN SIZE DISTRIBUTION: 

Gravel: 1.0 % 

Coarse Sand: 1.0 % 

Medium Sand: 6.0 % 

Fine Sand: 10.0 % 

Silt 37.0 % 

ATTERBERG LIMITS 

Uquid Umit: 32 
Plasticity Index: 15 

Clay: 45.0 % UNIFIED SOIL CLASSIFICATION: CL 

SAMPLE DESCRIPTION: 

Gray SII1I'Y CIAY with Little San:l arrl Trace of Gravel 

Modified Proctor Test Result 
(Per ASTM D 1557-78) 

Maximum Dry Density: 132.4 pcf 

Optimum Moisture Content: 9. 4 % 

Moisture/Density and Permeability Relationship 

Moisture 

Content: 

12.8 % 

REMARKS: 

1. 

2. 

Percent of 

Maximum Dry Density 

91.4 % 

Coefficient of 

Permeability (1) 

K = 6.9E- 8 em/sec 

Checked By: ------------



CURVE 6 
N T H C 0 N S U L TAN T S, L T D. 

MOISTURE· DENSITY RELATIONS 

PROJECT: Allen Park Clay Mine - Cell II PROJECT NO.: 89365 CM 

LOCATION: Allen Park, Michigan DATE: 11/18/89 

SUPPLIER/SOURCE: I -696 Excavation TESTED BY: JN 

SAMPLE LOCATION: Cell II South Slope CHECKED BY: SG 

METHOD OF COMPACTION: ASIM D-1557 Method A LAB SAMPLE NO.: 7263 

MOLD NO.: A VOLUME: 0.0330 CUBIC FEET MATERIAL DESIGNATION NO.: Bag 113 

SAMPLE DESCRIPTION: Gray S:r:IITY CUlY With Some Sand and Trace of Gravel 

MAXIMUM DRY DENSITY: 132.6 PCF OPTIMUM MOISTURE CONTENT: 9. 3 % 

5 7 9 11 13 

NTH(2.8B-oo6 



NTH Consultants, Ltd. 

GRAIN SIZE DISTRIBUTION CURVE 

Project No .. ~93RS·OW Lab Sample No. 7263 Source 1-696 Excavation 

Project Location Dearborn, Michigan For Allen Park Clay Mine - Material Characteristics 

Boring No. Field Sample No. Bag 113 Sample Depth Sample Elev. (Tip)~-----------
Sample Description Gray SILTY CLAY with Some Sand and Trace of Gravel 

Sampled By DHH Date 10/18/89 Tasted By R.O. Date -'1'-'0"·2003"-·-"8"-9--------------------
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TABULATION OF LABORATORY TEST DATA 

Date: 11/18/89 

NTH ProJ. No.: 89365 Cf.il 

Sample Designation: Bag 113 

NTH Consultants, Ltd. 

AllEN PARK CLAY MINE 
AllEN PARK, MIQITGAN 

Sample Location: Cell II South Slope 

Lab Sample No.: 7263 

Date Sampled: 10/18/89 

Soil Properties and Description 

GRAIN SIZE DISTRIBUTION: 

Gravel: 1.2 % 

Coarse Sand: 1.8 % 

Medium Sand: 6.1 % 

Fine Sand: 20.7 % 

Silt: 34.4 % 

Clay: 35.8 % 

SAMPLE DESCRIPTION: 

ATTERBERG LIMITS 

Uquid Umit: 27 
Plasticity Index: 13 

UNIFIED SOIL CLASSIFICATION: CL 

Gray SILTY CLAY with Some San:l. an:l. Trace of GRavel 

Modified Proctor Test Result 
(Per ASTM D 1557-78) 

Maximum Dry Density: 132. 6 pcf 

Optimum Moisture Content: 9. 3 % 

REMARKS: 

1. 

2. 

Checked By: ------------
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NTH C 0 N 5 U L T A N T 5, L T D. 
CURVE12 

MOISTURE· DENSITY RELATIONS 

PROJECT: Allen Park Clay Mine - Cell II 

LOCATION: Allen Park, Michigan 

PROJECT NO.: 89365 Oil 

DATE: 8/16/89 

SUPPLIER/SOURCE: I-696 BrcMn Clay and Native Gray Clay TESTED BY: J1<R 

SAMPLE LOCATION: Cell II Floor CHECKED BY: MS 

METHOO OF COMPACTION: ASIM D-1557 Method A LAB SAMPLE NO.: 6461/6462 

MOLD NO.: A VOLUME: D. D330 CUBIC FEET MATERIAL DESIGNATION NO.: Bag 100 

SAMPLE DESCRIPTION: BrcM!1 and Gray SIIJIY ClM with Trace of Sand and Gravel 

MAXIMUM DRY DENSITY: 132. 8 PCF OPTIMUM MOISTURE CONTENT: 9. 1 % 
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WA T8 CONT"EUi P8CENT OF DRY WEIGHT 

CG 

PROCTOR CURVE 
PC-1 

I""'" AUG 1992 

GCS/917 -1203/MI -,-, 
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A 
s 
s 
r 
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uses COBBLES 

SA.c\1PLE ID 
BOREHOLE 
SAMPLE NO. 
DEPTrl 

FORD/CELL 2/MI 
ICJ-2048 

PARTICLE SIZE DISTRIBUTION ASTM D421 Al'ID D422 
US STANDARD SIEVE OPENING SIZES 

3' 1.5' .75' .375' 4 10 2Cl 40 e:o 1 co z:o 

HXl 

Grain size in millimeters 

Coarse Fine 

GRAVEL 

W% 

12.5 
PC-1 

I SaCDole Typo= 

Fln• Cor I Mea I 
FINES (Silt and Clay) 

SAND 

LLI PL PI 
25 16 9 

~ DESCRuYnON 

2. 71 Silty ClAY with some nne to coane 

sand, trace fine gravel 

Date Te~ted: AUGUST 1992 

TECH: CG 
DATE: lB/29/92 
CHECKED: IT 
REVIEWED: 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 
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140 

135 

130 

125 

120 

11 5 

CURVE17 
BOREHOLE NUI.<BER ________ _ 

SA~P'..S NU..,SER PC'--?"------

DE?TH Of SAI.<PL£ --------

rr:~iT ).,!EiHOO AS7M 01557 rvtiHOO A 

I "'ox (lbjcu ft) 132.5:._ ____ _ 

O.>t.C. (;:) 9.0 ____ _ 

DESCRIPTION S<tv CLAY with some 

me to coarse Sand trace me :;ravel IC:.J 

IN-SrTU l.<C (::) 13.9 

LL (:::) 26 

Pl (:::) 15 

PI (:::) n 

' ' ' ' ·t;\, 

11 0 

105 

100 

' ' ' 
95 

90 

;T;', 

85 
j 

I ' 

80 
0 5 1 0 15 

WA T'E..'q CO NT'8-fr 

GCS/917 -1203/MI 

o\i ~ 

\' \ \ 
'\ \' 2.70 

,~(\:~ 2.60 

;'\ 

'\It 

'" \ ' \' '\ 
' \ ''\ 

'\'\ 

'"" '''"'" : ''"~~ 
20 25 30 35 40 

?S'<CENT OF DRY WEIGhT 

OR.A.WN CG 
- t.·:XD -,-, 
R£¥1E1'f8:1 

PROCTOR CURVE 
PC-2 

r.: AUG 1992 • NO. 

~ Fwc ...a..1 REV. 

ru: ""· WA~.:)WG f=RE ""· 

,-.o. 
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p 

A 
s 
s 
I 

N 

G 

uses 

P.'\RTICLE SIZE DISTRIBUTION ASTM 0421 A..c'<D 0422 
US STANDARD SIEVE OPENL'IG SIZES 

3" 1.5" .75" ::J75" 4 

;:: : . 

.L..L...L_: ---~~: : ;.~ . .i--~---:··----i~~Li-~-~-:___--: --· 

:1~~=:~:·~.·~-···~=:~~:····::~~·=~=·~:·.--~·~·~=~=~~-~~:=~·-..-.~-.~=·~~~~~===-.: l · · K 
"'1·--···--·-·····. ·····-- ·---····· ·- ···-·---·-··· ··- - --·-·····---·-·-··--·---·-TIS·:--··- .. _._----·· '"r- ·- -·--- --·- ·- ·-· --.. :·--·---·- -----.. ·--- --- ·-:- -·--· ... ---· \r ........ ---
"'r·--·-:·-·· .. --·-·-: ·-:· :·-·-----·. ···~-----·····: . . . ·-:-"·-·-··--··--··:·::;,;;;N'-· . 
3Jl----·--·-···-··--·-:-...... ······-......... -----..,.....--------.. --w·-·-~ ..... --.. ---. ... .,...,..,....,._._....,_..-_ _, ____ , __ 1_r~-

.. .. : . : . . . : . 

"'1":"""'~--·-·---~------· -----·--:---·---· ~· . • •• ------·---·---·-·---. -·-·--
10Tn·r------··nn -···:. ··· . ~-~·--·-·---rr:---. --

10>J 

COBBLES 

SA..\1PLE lD 
BOREHOLE 
SAMPLE NO. 
DEP1'H 

FORD/CELL 2/MI 
IC3-104S 

100 ,·a cl1 ""' c.= 
Grain size In mm!meters 

I Coarsd j fin a 

I GRAVEL 

W% 

13.9 
PC-2 

I Sa mole Type: 

I cor I Mea Fine 
FINES (Slit and Clay) 

I SAND 

LL PL I PI 

26 15 11 
Gs DESCRIPTION 

2.. 75 Silty Cl..A Y with some Hne to= 

Mod. tr:ace fine gra..,el 

Date Tested: AUGUST 1992 uses, cL 

TECH: 
DATE: 
CHECKED: 
REVIEWED: 

MS 
()9fZ9/'JZ 

rr 

GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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25 

CURVE 18 
SOREHOL! NUMBEK ________________ ___ 

SAMPLE NUMBER PC-3 

DEPTH OF SAMPL! ----------

TEST ~ ETHO 0 ASTM 0'5.::>1 METI-{;Q A 

{ mox (lb/ cu ft) 134.0 

O.M.C. (;:) 
8.5 

DESCRIPTION 
Suty CLAY with some 

fine to coarse sand trace fine grave! (CU 

IN-SITU MC (;:) '0.4 

LL 

Pl 

?I 

(;:) 

(;:) 

(;:) 

2.80 

2.70 

2..60 

" '\ " \i'; \ . \ ,, 

25 

15 

10 

., 
. '"'"" 

; ''"" I •" 
30 .35 4-0 

WAia C~NT2NT - ?£.~C2'IT OF DRY WEICHT 

D"""' er, C::>lora do 

GCS/917 -1203 /Ml 

PROCTOR CURVE 
PC~ 

l"'ro AUG 1992 
I~ 
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uses 

·= 

COBBLES 

SA..\1PLE ID 
BOREHOLE 
SA..\1PLE NO. 
DEPTH 

GCS/917·1203/MI 
ICJ-2048 

PARTICLE SIZE DISTRIBUTION ASTM D421.-\.ND D422 
US STA,'IDARD SIEVE OPENL"'G SIZES 

HD 

'3' 1.5' .75' .J7S' 4 10 20 J.(] &J 1 CtJ z:o 

.. . . . 
-'--'--:---'-<: :J.J..j_j___i_J __ l;~~-Li-~------':+;+.q-l-)~--~~H-1+~-~-~ 

.... .. . . . .. :-ll i j 

10 1 
Grain size in milllmeters 

Coarse I Fine j Cor 

GRAVEL I SAND 

W% LLI PL PI 
10.4 25 15 10 

PC-3 

Flne 

I 
FINES (Silt and Clay) 

Gs DESCR!PTION 

2. 72 Silty CL\ Y 'Nith some fine to coane 

sa ad, trace fmc gr<~vel 

I Sample Type: Date T~ted.: AUGUST 199'2 

TECH: co 
DATE: 09129192 

CHECKED: TI 
REVIEWED: 

GOLDER ASSOCIATES INC. 

lAKEWOOD, COLORADO 
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WA I c.'< CONT2-IT 

Denv...-. Cc<orado 

GCS/917-1203/Ml 

, I ' 

CURVE 19 
BOREHOLE NU~SER _________________ __ 

PC-4 

DEPTH Or SA,.PLE ----------

ITST >J ETHO D ASTM 01557 ~/EihCO A 

l mox (lb / cu ft) _.:;133=.5"------

o.~.c. (;:) 9.0 

DESCRI?nON 
Silty CLAY with some 

fine to coarse sand trace fine crave! \CU 

IN-SlTU "C (;:) 12.1 

LL 

P'. 

PI 

(::) 26 

(;:) 16 

10 

2.50 

2.70 

2.60 

' ,, ,,, 
·'-' '\ -'-

~'-
' "' I'\" 

"'"' . ,,";__\. 
iT~"'-

ZO 25 JO 35 
'S"C2'fi OF DRY W8Gi-1T 

PROCTOR CURVE 
PC-4 

IDA"' AUG 1992 
fWG ,'+0.; R£1 . . '<0. 
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s 
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uses 

PARTICLE SIZE DISTRIBUTION ASTM D421.-\..c'<TI D422 

US ST"-"'iDARD SIEVE OPE.'iiNG SIZES 

5" T' ,_5" .75" . .J?S'" A 10 20 ..:.:] 9J , CXJ 20:J 
1

J ___ i.u __ l ____ liLU.L ___ ::uu u_· _:•:: I • I __ [LL_ ___ _L ____ J ___ u_l_
1 I< . . . ···•·... . ....... . . ........ •••··.. . . c .. . 

1CI:Xl 

COBBLES 

SA,\1PLE ID 
BOREHOLE 
SA,\1PLE NO. 
DEPTH 

GCS/917-1203JMI 
IC3-2048 

1 OJ 10 ~1 ~"' 
Grain size In millimeters 

I C.:tane I Fino 

I GRAVEL 

I W% 

12.1 
PC-I 

I Sample T;rpe: 

C:Jr _[_ Ml!:d Fin a 

SAND 
FlNES (Silt and ClaY) 

LL I PL I PI I Gs I DESCR!PTION 

26 16 10 2.72 Silty CLAY with socoe fine to coars-e 

:s.and, tr.Jce fine gravel 

Date Tested: AUGUST 199'2 uses, CL 

TECH: co 
DATE: 09(29/92 

CHECKED: TI 
REVIEWED: 

GOLDER ASSOCI.-\ TES INC. 

LAKEWOOD, COLORADO 

C.C01 
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CURVE 20 
30REHOL£ NU..,BER ________ _ 

SA"'P'--" NUMBER PC-.::.5 ____ _ 

DE?Trl Of SAMPL£ ---------

ITS! ~ETHOO 

f mcx (lb/cu ft) 

O.I.<.C. (;:) 

DESCR!PTIOH 

ASTM 01557 METl-"CD A 

130.5 _____ _ 

_ __::;9·:::..5 -----

S"ty CLAY with sorce 

fine to coarse sand trace fine crave! (C: ... J 

lN-STTU JJC (;:) 12.4 

lL (7:) 26 

?l (;:) 16 

?I (;:) 
10 

r-2.80 

2.70 

2.60 
• \ '<; 

- I 

E ' : 

I - . 
r-. 

5 10 IS 
WA "i'8 C: Ni2'IT 

Doove<", Coiorado 
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-~c);\ 
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. •\• 
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20 25 30 

\ ,, 
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:\ '< \ 

-~~ 

: : 

.35 
?E.'<CENT OF ORY WEiGHT 

PROCTOR CURVE 
PC-5 

GCS/927 -1203/Ml 
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uses 

PARTICLE SIZE DISTRJBUTION ASTM D421 AND D422 
US STA.'ffiARD SIEVE OPENING SIZES 

:J ~.5" ·.7'5' .37'5' 4 

____ LI.iU____ :_!' l! ! ! I __ _L_Ul U 

':lmn--·--··-·-·rr-·-.-·--m:n----·---·mrrJ-... --rr-.-·--·-mo--n--J 
1ci:o 10:::: 10 :..1 C.C'\ '::.::::c:'l 

COBBLES 

SA.c\11' LE ID 
BOREHOLE 
SAMPLE NO. 
DEPTH 

FORD/CELL2/MI 

ICJ-2048 

Grain size In millimeters 

Ccar.:a I Flr.e 

GRAVEL 

W% I 
12.4 

PC-5 

I Sam ole Type: 

Med. Fine 

SAND 
FINES (Silt and Clay) 

LL I PL I PI I Gs I D E.SCRll'TIO N 

26 16 10 2. 77 Silty CL\ Y with s.ome fine to coarse 

sand, trace tine grave:! 

Date T~ted: AUGUST 1992 uses, CL 

TECn: MS 

DATE: 09129197. 

CHECKED: TT 
REVIEWED: 

GOLDER ASSOCIATES L'IC. 
LAKEWOOD, COLORADO 
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A 

s 
s 
I 

N 

G 

uses 

P.-\.RTICLE SIZE DISTRJBUTION A.STM D421 A.t"'D D422 
US STA.N1lARD SIEVE OPENING SIZES 

5" 3" 1.s" · 7S' .375" o1 10 20 40 eo wJ 20J 

----·----··--

,ci:x; 1cc ,·a , ::, c.c-t c.o:n 

COBBLES 

SA.c'vil' LE lD 
BOREHOLE 
SA.c'viPLE NO. 
DEPTH 

FORD/CELL 2/MI 

ICJ-2048 

Grain size In millimeters 

Ccar.e I Flne 

GRAVEL 

W% 

12.4 
PC-5 

I Sam. ole Ty-pe: 

SAND 

LL PL PI 
26 16 10 

"n• I 

Gs 
2.77 

FINES (Silt and Clay) 

DESCR!PTION 

Silty Cl.A Y with some fine to coa~ 

sand, trace One gra..,d 

Date T<!:!ted: AUGUST 1992 usc;, CL 

TECH: MS 

DATE: 09129m 

CHECKED: IT 
REVIEVIED: 

GOLDER ASSOCLUES I.."< C. 
lAKEWOOD, COLORADO 
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CURVE 21 
SOREHOLZ NUIJSER ----,--------

SA"'P~ NU~JSER 
__ PC.:..·..:...? ___ _ 

DEPTH OF SA,..PL£ ---------

TI:ST >'E7HOD ASTM 01557 METHCO A 

r max (lb/cu f!) 132.:::0:..._ ____ _ 

o ..... c. (;:) _ __::.9:.::.5 ____ _ 

DESCRIPTION Slty CLAY with some 

fine to coarse sand trace fine grave! fC.J 

IN-S1TIJ IJC (7:) 31.3 

LL (;:) 27 

. PL (;:) 16 

PI (;:) 
n 

1--_:_ .•.. •. -~r•. :_ ~-__ ._:'--'--'--'---'--1--.:...'d\ - ~IT\ 
:...L "~•-\ \ 
· I I\ 
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~~········ 

I 
I 

1-,--;--~t-~-± 
_L_ .. t= 

L_'--" r-:-· 
,T 

5 10 15 20 

\ 
\• \ r-2.50 . \ \ \.' \ 

\ 

. \ " \ 
•\:\ 

1\; X 
1\~\ 

I . 

25 

\. \ 
. \• 

30 

2.. 70 

2.60 

. "" 
•'J ~ 

35 

. " " 
•'< " 

• " •"\J" 

WA IS~ C~ N"T"2--T ?S'<CS>IT OF DRY WEiGHT 

Oenve<". COO<"ado 

CG 

PROCTOR CURVE 
PC-7 

I'"''" AUG 1992 r• •a. ICJ-204.8 

GCS/927-1203/MI i:.,:X~ -,I Is=£ 
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uses 

PARTICLE SIZE DISTRlBUTION ASTM D421 A..c'<D D422 
US STANDARD SfEVE OPENlJ-IG SIZES 

3' t.s" .75" .375" 4 10 

, :1lll~U_._-_-_-____ : I :_J ___ :._._--_----_-_~.._:-. _l __ -_~- _--_. -·-:_-_-_--~--~;~·:·~-----_______ _ 
~- -~-.- , -. . . . . - ·-- - ·-. . ---.. ·---- .L~8-H-~-_;_j __ ;~;-~\~~-: --

: : : : : : : : ; ; ; : : : : : : : : : ; : : : : : : : : : : : : : : : : : 1 ~.: :. ·.! 1. .: . -.: ~-' .i ~.: .: :.: ~- .! .1 

70 
lLJ.l_] ____ ; _____ j _______ JJ .. L .. 1 .. .L .. l ..... l ___ lLU~L. __ l ___ lLUJ ... L .. _! _L ___ : ' : 

. : ' . . . .· . : . 

0 . 
1ro:l 

COBBLES 

SAMPLE ID 
BOREHOLE 
SAMPLE NO. 
DEPTI! 

FORD/CELL 2/MI 
IC3-2048 

100 10 
~· ~"' a.= 

Grain slze In millimeters 

I Cce.rse I Fino Cor I Mod Flno 

I GRAVEL SAND 
FINES (Sitt and Clay) 

PC-7 

lsampleTvoe: 

W% I LL I PL I PI Gs DESCRIPTION 

11.8 27 16 11 ~ 73 Silty CLAY with some flne to coane s.a.o.d, 

trace ftae gravel 

DateTested: AUGUST1992 uses, cL 

TECH: MS 

DATE: 09129/91. 

CHECKED: IT 

REVIEWED: DR 

GOLDER ASSOCIATES INC. 

~OOD,COLORADO 



- "~~·"--~· ~;~'""-

135 CURVE 22 ,.. lo.\ BOREHOLE NUMBER --.. 
\ \ SAMPLE NUMBER SL-1 ' 

I'\ \ 

130 4 I\ 1\ DEPTH OF-SAMPLE 

I \ I \ TEST METHOD ASTM D1557 METHOD A 
I l\1 \ 
I 1\ \1 1\ 
I 4\ y

4 
max (lb/cu ,., 134.5 

125 ~~ I\ 8.5 
\ \ O.M.C.(% 

1-
\ DESCRIPTION Sil!:i CLAY and fine to coarse SAND 

0 \ with trace fine gravel <CL). 
-

0 1\ \ 
u. 120 I I\ I ~ 

() I I I I I \ 1\ - I I \1 \ cc I I \ ~ I\ W,(%1 10.1 
::l 
() I I \I \ W,(% 

28 

c:: 115 
I I \I \ 1\ 

w I I 1\1 W,(%1 
15 

c. I \I 13 
(/) I 1\ \ I (%1 

' c I I \ z I I I \ \ 
::l 110 I I I I I I I \ r, 
0 I I I I I I I \i c. 
I I I I I I \ \ 1\ 

1- J 1 I I I 1\ \ 

:t 105 I I I I 'I I\ 
(!) I I I I I\ I 'I \ 
jjj I I I 1\1\ 

~ I \ \ 
I I I\ I\ \ 

1- I I I I I I I '{ 1\ z 100 I I I I I I I I I I 1\ " \ ::l I I I I I I I I I I I I 1\1\ 
> I I I I I I I I I \J \ (\ c:: I I I I I I I I I 1\1\J \ c 

95 
I I I I I I I I \1\ 

I I I I I I \ 1\ 1\ 
I 1\1 

f\ \ 
(\ " 90 

I \ f\ 
I I I" 

I I 1\ r 2.eo 
\" )<r- 2.70 r- 2.60 

;;-1\ 
85 '- "' 10 15_ 20 25 30 35 

WATER CONTENT - PERCENT OF DRY WEIGHT -- ·· 

g Golder Associates Inc. 
TITU 

Denver, Color•do PROCTOR CURVE 
CUE NT/ PAO.IECf SL-1 

ECS/917-1203/MI 
DATE JULY 1991 IC.II..E AS SHOWN JOI N0.913-234'-

DIIAWN MWB atiCXID 
KMR 

REVIEWED 
MES 

mz OWG.HQ. tltUIU: 

' 



,. 2~ 1-112" ,~ 3/!; 1/2" 3/6" 
100 

I I I I I---

p 90 I I I I I I 
E I I I I I I 
A I I I I I 
c 80 

I I I I I 
E 

N 70 I I I I 
T I I I 

I I I 
F 60 

I 
I 

I 

N I I 
50 

I E I 
A I I 

40 
I I 

B 

y 30 I I 
I I 

w I I 
E 20 

I 
I I 

G I I 
10 

H I I 
T 

0 
I I 

100 10 

GRAVEL 

COBBLES I COARSE I FINE 

Boring No. Sample No Depth MC LL PL PI 
SL-1 10.1 28 15 13 

GRAIN SIZE DISTRIBUTION 
US STANDARD SIEVE SIZES .. '" 1/20 ... ... #100 

.1 I I I I I 

~ I I I I 

I ~: 
I 

I I 

I I I 

~ I I I 

.,.. 
I 

I 

I 

I 
I 

I 

\- /''''I 
" vi"' r 

?.t- 10 "r 
' fl -f_ . /(J!/ 

/') , ,,J' - {_,;V 
~~//'1 ~v 

.:> .............. 

I I I I I 

~ I I I I I 

~ I I I I I I 

I I I I I I 

I I ' I I I I 

I I I I I I ""' I I I I I ~ I 
I I I I I I 

I I I I I I ~ 
I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 

I I I I I I I 

1 .0 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

I SAND FINES J 
I COARSE I MEDIUM I FINE I SILT SIZES I CLAY SIZES I 

DESCRIPTION JOB NUMBER: 913-2346 
Silty CLAY and fine to coarse SAND with DATE: JULY 1991 FIGURE 

trace fine gravel (CL) PROJECT: ECS/917-1203 
LOCATION: MICHIGAN 
CHECKED: KMR 

REVIEWED: MES 

GOLDER ASSOCIATES INC. FILE NAME: 2346Sl-UNK1 



~UKVE ~ZA 
135 I I IT\ II 

I 11\1\T-~ 
BOREHOLE NUMBER 

I I I \1 l I \ SAMPLE NUMBER SL-2 

11 T \I\ 
I l....ri' I 1\ DEPTH OF.SAMPLE 

130 
I 171\ \ ~. 1\ TEST METHOD ASTM 01557 METHOD A 
I Iii \1 \ 
IT I I \ \ 1\ 
I I I I I\ II Yo~ max (!b/cu f-fl 

130.5 

125 I I I 1\1\J I, 9.5 
I I I ~ 1\ O.M.C. (% 

1-
I I I I\ I DESCRIPTION Sil!;i CLAY with some fine to coarse sand, 

0 11 I ll1 little fine 11ravel (CL). 

0 I I I I I\ f\ \ 
Ll. 120 

11 I I I I 1\ II: '1 

~ 
I I I I I I I ·~ 1\ 

Ill 
i I I I I l\ I \I\ 9.2 

:::l I I 11 I I I I I \ 1\ W"(% 

u I I I I I I\ I \ Wl(% 
25 

a: 115 
I I I I I I I \1 \ l\ 14 

UJ I I I I I I I \ I\ I \ w~ (% 

c. I I I l I I I I\ I \ 1\ 11 
(,/) I I I I I I I I I\ 1\ lp (% 

c I I I I I I I I \1 \ " z I I I Ill I I I ~ 1\ I \ 
:::l 110 I I I I I I II I I \ l\ 
0 I I I I I I I I I I I I 1\ \I \. c. 
I I I I 11 I I I I l I-\ ~!\ 

1- ll I IT I I I ll I \J \ 

J: 105 I I I I I I I I I I I I I '\ 1\ 1\ 
(!) I I I I I I I I I I I I I 1\1 "\. 

UJ I I I I I I I I I I I I "' I\ I\ 

::: I I I I I I I I I I I I \1 \ 1\ 
I I I I I I I I I I II r"\ 1\l \ 

t: 100 I I I I I I I I I I I I I I I I I '< ~ 1\ 
z I I I I I I I I I I I I I I I I I I\ I '< \ 
:::l I I I I I I I I I I I I I I I I I I I \. 1\ I\ 
>- I I I II I I I I I I I I I I I I \; \. !\ a: I I I I I I I I I I I I I I I I I I 1\1'4 \ c 
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I I I I I I I I I I I I I 1\ 2.EQ 
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WATER CONTENT - PERCENT OF DRY WEIGHT 

a Golder Associates Inc. 
TITU 

Denver. Colorado PROCTOR CURVE 
CUE NT/ PRO .I ECT 

SL-2 

ECS/917-1203/MI 
~ 

o;.rE JULY 1991 SCJU: AS SHOWN JOI NO. 913-20-.u 

DIUWH T JS e><o:cuo KMR 1R!l'lt'W'ED MES 
FILL OWO.HO. f'I13URE 

-· 



GRAIN SIZE DISTRIBUTION 
US STANDARD SIEVE SIZES 

3" 2"1-1/2" , .. 3~ 112" 3/8" " '" 
.,. '" ... #100 11200 

100 
I ""---m-I I I Ho I I I I I I 

p 90 I I I I I I I J, I I I 

E I I I I I I I I I~ I 
A I I I I I I I I I I I 
c 80 

I I I I I I :~ 
I 

E 
I I I 

N 70 I I I I I I I I I I 

T I I I I I I I I I ~ I I I I I I I I I 
F 60 
I 

I I I I I I I I ~ 
N 50 

I I I I I I I I 

E I I I I I I I I "\, 
A I I I I I I I I "ts!, 

40 
B 

I I I I I I I I ~ 
y 30 I I I I I I I I I 

I I I I I I I I I ~ w I I I I I I I I I 
E 20 

I 
I I I I I I I I I 

G I I I I I I I I I 
1 0 

H I I I I I I I I I 
. 

T 
0 

I I I I I I I I I 

100 10 1 .0 0.1 0.01 0.001 

GRAIN SIZE IN MILLIMETERS 

GRAVEL I SAND I FINES I 
COBBlES I COARSE I FINE I COARSE I MEDIUM I FINE I SILT SIZES I CL.AYSIZES I 

Boring No. Sample No Depth MC LL PL PI DESCRIPTION JOB NUMBER: 913-2346 

SL-2 9.2 25 14 11 Silty CLAY with some fine to coarse sand, DATE: JULY 1991 FIGURE 

fine gravel (CL) PROJECT: ECS/917-1203 

LOCATION: MICHIGAN 

CHECKED: KMR 

REVIEWED: MES 

GOLDER ASSOCIATES INC. FILE NAME: 2346SL-2.WK 1 
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CURVE 23 

BOREHOI.£ NUMBER ________ _ 

PC-'-9'------

DE?TM OF SAMP•..!: ---------

TEST >JETHOD ASIM 01557 METHOD A 

J max (lb/cu f!) 133.:;:0 ____ _ 

O.M.C. (;:) .. __ .::9-_::0 ___ _ 

DESCRIPTION Silty CLAY with some 

fine to coarse sand trace fine gravel (Cll 

IN-SITU MC 

LL (7:) 

PL (;:) 

PI (;:) 

,.- 2.50 

:' \•\ 
1\: \X 
'\J<\ 

2.70 

2.60 

,. •'\ 
.'\'" \ ' ' •\• 

(::) 12.0 

25 

14 

n 

5 1 a 15 za zs 30 35 

WAo :..'( CaNTDIT - PS'(C::NT OF' DRY WE!GHT 

PROCTOR CURVE 
PC-9 

GCS/927 -1203/MI 
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PARTICLE SIZE DISTRIBUTION-ASThl D421 .-\.ND D422 

US STANDARD SIEVE OPENL'/G SIZES 
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Jl ___________ ·--·--------------· . _· --- . . --------- . 
. . . . . 

80 ~-~ ... --·--:-·----·---·-·--·-----·-----:------'-"-'...-...........- ..___..._. ____ ,_....._..__,_, ___ ~--·--:---

. . . . 

: mrmJ]~ml l:ffii ~:tq~~~cirJUr ·· 
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Grain size in mllllmeters 

j Coarse j Fine 

COBBLES I GRAVEL 

SA.c\fPLE lD 
BOREHOLE 
SAMPLE NO. 
DEPTH 

FORD/CELL 2/Ml 
ICJ-2048 

W% 

11.0 

PC-9 

[ S.accple Type: 

I ccr I Mod Fir.~ 

I SAND 

I LL I PL I PI Gs 

25 14 11 1.70 

Date Tested: SEPT 1992 

FINES (Silt and Clay) 

DESCR!PT!ON 

Silty CLAY with some tine to coane s.a.nd, 

trace fine gr.avel 

USCS; CL 

TECH: MS 
DATE: ()9fZ9m 

CHECKED: IT 

REVIEWED: DR 

GOLDER ASSOCIATES INC. 

U.KEWOOD, COLORADO 
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CURVE 24 
80REHOLS NU~8ER __________________ _ 

PC-10:..._ ___ _ 

OE?TH OF SA~P'..!: -------------------

rESi )JEi'HOQ ASTM 01557 N£T'r-IOO A 

f max (lb/c~ ft) 
129.0:..._ ___ _ 

Q.).(.C. (;:) 
-~n;:;;o ____ _ 

DESCRIPTION Silty CLAY with some fine 

to coarse sa1d. trace fine gravel ICU 

IH-STTU ).(C (::) 118 

LL (:<:) 26 

PL (::) 15 

?1 (:<:) 
11 

•\. '\ 

'<;_\ 
V\ 

2.60 

CG 
TT 

OR 

• ·ex 
E0,. '' \• \; \ 

.\• 

'"' 

PROCTOR CURVE 
PC-10 

f"lt: AUG 1992 i""" ,,o. 0-204.8 

I~ F"" . ..a.;RfY. . ..o. 

IFIU: ..,_ r=• ·""'· 
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SA,\1PLE ID 
BOREHOLE 
SA,\1PLE NO. 

DEP1B 

PARTICLE SIZE DISTRIBUTION ASTM D42l.~'ID D422 

US STA.'IDARD SIEVE OPEN1NG SIZES 

Grain s!ze in millimeters 

Coarse j Fine / Cor j Med 

GRAVEL I SAND 

W% LL PL PI 
ll.8 26 15 11 

PC-10 

Fine 

FINES (Slit and Clay) 

Gs DESCRIPTION 

2.. 73 Silty CU Y .,tb some tine to coan.e .sand, 

trace nne gravel 

l SatDp!e Type: Date Tested: AUGUST 1992 uses, CL 

FORD/CELL 2/MI 

ICJ-2048 

TECH: MS 

DATE: 09r29!92 

CHECKED: IT 

REVIEWED: DR 

GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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BOREHOL£ NUMBER __________________ __ 

S'A~Pt...E: M'U""'SER PC-!1 

OE?TH Of" SAMPL£ --------------------

r max (lb/ eu ft) 

O.M.C. (;:) 

OESCRIPnON 

ASTM 01557 METHOD A 

133.0 

9.5 

Sltv Q.AY witl1 some me to 

coarse sand. trace me aravel ICU 

IN-SIT1J 

LL 

Pt 

?I 

·\ 
;\ 
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' 

l.4C 
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1t3 
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15 
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: : 
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- P~'<C8'/T OF DRY WEICHr 

11il.! 

PROCTOR CURVE 
PC-11 

Denver, ~do 

CG l""r< OCT 1992 f'" ""· 103-204.8 

GCS/927 -1203/MI 
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US STANDARD SIEVE OPENING SIZES 

3" ' i.S" .75" ::Jls" A 

iii·--: j-
--~"-.,'--iff7·~-·..i......!-7--

l!!!!!!!! '!!!!!;: :::::::: :y~: '-"-'-''!.. ;;;:: :: 

::.i,-.-.. ~,·. i.~ .. ·-·".i.--. -·.--l.i,.i, __ i, ! .. _i_·_··.i.·_·~_!,--,· -__ :_·_- i,·.".·~.i.--. __ ._l,_i_·.. i_·_--_i._:·i.·.·.:.-.: ! .. ! ;; · rh~ 
: lice~-' _:--'--':-"-; ; c'c.' ' ' . .c.' _.c__c.,·.c·, ·..c· -'-.-'-. -"---' -·i.i·-'--'-'-'.."--'--:ii- : S_j l : _1-l ~ : 

,D:o 

COBBLES 

SAMPLEID 
BOREHOLE 
SAiv!PLE NO. 
DEPTH 

GCS/927 -1203/MI 

IC3-2048 

100 io 
Grain size In mllllmeters 

Co~e j flrn~ 

GRAVEL 

W% 

11.3 
PC-11 

I Samo!e T-ype: 

Cor I Mea 
FINES (Silt and Clay) 

SAND 

LL PL PI 
26 15 11 

Gs 

2-77 
DESCRIPTION 

Silty CL\ Ywith ~Cle fine to coane sand. 

trace fine grave! 

Date Tested: SEPT 199'2 uses: cL 

TECH: co 
DATE: 10101m 

CHECKED: IT 
REVIEWED: DR 

GOLDER ASSOCIATES lNC. 

lAKEWOOD, COLORADO 
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SAMPLE NUMBER PC-12 _____ _ 

OE?IH Of SAMPL£ AS7M 01557 ~00 A 

f max (lb/cu ft) 

O.lU. (;-:) 

DESCRIPTION 

135.0:.,_ ___ _ 

8.5 ----
Sity ClAY with some fine 

to coarse sand. :ittle fue grave1:..;. lc::Clc::..l ----

IN-SITU >OC (:":) 8. 9 

LL (::) 2 5 

Pl (;:) 
13 

(::) 
12 

PI 

~~,.--2.80 
2.70 

I 

I I \ '<; \ 

2.60 
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- . 
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10 15 
WA i8 C:J N'TB'rr 

D6<lV...-, Colonado 

20 25 

\:\ 
• \.:C.. 
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. 

JQ 35 

,. '< " 
. "'" \. 

-" ·"< " 

?GCENT OF DRY WE!Gi-IT 

PROCTOR cu:lVE 
PC-12 

I'""' OCT 1992 rxo• ""· ICJ-zo~ 
GCS/927-i203/M1 . t.•::X 

TT I~ 
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uses COBBLES 

SAMPLE ID 
BOREHOLE 
SAMPLE NO. 
DEPTrl 

GCS/927-L203/MI 
IC3-2048 

PARTICLE SIZE DISTRIBUTION A.STM D421 AND D422 

US STANDARD SIEVE OPENING SIZES 

--·:--·. '-;-· • ;--;-. -·'"'-' . .:.C-'--'-....C...-1 
.. . . 

~;.;..;...;........:..;_ . ..:.. __ ;. __ ..;,;..;....; . .:. .. ;_~;,_-;.;..;.~;-;-:----1 

: : : j ! . : : : : . : ~ ~ : ~ : 
..... . .. . . " .. 

100 10 Cl01 

GraJn size In millimeters 

CO~I!I I Fine I 
GRAVEL I 

W% I 
8.9 

PC-12 

I Sam?le Type: 

Cor I >.<eo I Fine 

SAND 
FINES (Silt and Clay) 

LL PL PI Gs I DESCRIPTION 

25 13 12 2.70 Silty CL\ Y aod flne to coa~ SAND, trace 

fine grave! 

DateTested: SE?T1992 uses: CL 

TECH: CG 

DATE: toto7m 
CHECKED: IT 
REVIEWED: DR 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 
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BOREHOLE NUUBER ____ ~-------------
PC-13 S'Al.IP~ NU).,j8£R 

DEPTH Of" SAMPLE ---------

ITST UETHOO ASTM 01557 .VEIJ-;OD A 

f max (lb/cu tt) __ 13=5.e;:O ____ _ 

O.M.C. (;:) __ 9:::.·:::,0 ____ _ 

DESC;l!PTION Slty Q.AY and fne to 

coarse SAND. attle fne grave! ICLJ 

IN-smJ uc (~) 9.0 

Ll. (:":) 26 

Pl (;:) 15 

PI (;:) 11 

\ 
i\ 
\ ~ 

\ \ 2.80 
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20 25 JO 

- P::RCf:NT OF' DRY WE!GH1" 

PROCTOR CURVE 
PC-13 
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f'"" OCT 1992 r"'s ""· IC3·2C43 

GCS/927-i203/MI I""""' Fwc .~.;REV .. '10. 
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COBBLES 

SAMPLE ID 
BOREHOLE 
SAMPLE NO. 
DEPTH 

GCS/927 -1203/MI 

IC3-2048 

10 

Grain size in mHnmeters 

c,arse: j Fine 

GRAVEL 

W% 

9.0 
PC-13 

[ Sa1:0olc Type: 

Ftne I 
I SAND 

FINES (Silt and Clay) 

LL PL PI 
26 15 11 

Gs DESCRIPTION 

2..81 Si.lty CL\ Y and fmc to coane SAND. litt.le 

ftne gra..,.el 

Date Toted: SEPT1992 uses: CL 

TECH: CG 

DATE: 10101m 

CHECKED: TI 
REVIEWED: DR 

GOLDER ASSOCIATES INC. 
lAKEWOOD, COLORADO 
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90REHOL£ NUM8E~------------------
SA>.4PL£ ><Ul.<BER __ P...:C:.·.:..I4:_ _____ _ 

DE?TH OF SAMPLE-----------

n:sr t.jE7HOO AS7M 01557 ,VETHQD A 

f max (lb/eu ft) 

a ..... c. (;;) 

DESCRIPnON 

13t5 

9.0 

Sity ClAY with some f01e to 

coarse sand. !ittie frne to coarse aravel (CU 

IN-SITU I.<C (7:) 16.8 

LL 

PL 

PI 

(:':) 

(A:) 

(A:) 

2.80 

2.70 

2.60 

., 
''" '\ ' '\ ''-' 

27 

16 

11 

'''" 
' \.- ""''""' 

''" " '"-'"' "'""" 
5 10 1 s 20 25 JO JS 

WA 1 ::.."'( CON'i"ENT - PSCE:NT OF DRY 'HEJGMT 

oenv ..... Colorado 
C~•N 

PROCTOR CURVE 
PC-14 

!"'"" roa ""· 
GCS/927-1203/MI COcCXw. j=ci F"" ...a.,~£'/. -.c. 

R~£'1'1'8 jl'lli ""- f="' ""-
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uses 

PARTICLE SIZE DISTRIBUTION ASTM D421 AND D422 
US STA.'IDARD SIEVE OPENING SIZES 
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10::0 1 co 1'0 0:, ai:n a.CC1 

COBBLES 

SAMPLEID 
BOREHOLE 
SAMPLE NO. 

DEPTH 

GCS/927-1203/MI 

IC3-2048 

Grain size in mi!!lmeters 

Co~e. I Fino: 

GRAVEL 

W% 
16.8 

PC-14 

!sample Type: 

Cor I M!!d 

SAND 

LL PL PI 
27 16 11 

Fine 

FINES (Slit and Clay) 

Gs DESCRIPTION 

2. 77 Silty CLAY 'Nitb 30me ftne to coane sand. 

little fme to coar3C gt<!'Ye:l 

Date T~ted: SEPT 1992 uses, CL 

TECH: 
DATE: 

co 
10107/92 

CHECKED: TI 
REVIEWED: DR 

GOLDER ASSOCIATES I:NC. 

lAKEWOOD, COLORADO 
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CURVE 29 
BOREHO~ NU~BER ________________ ___ 

S~MP~ NU!.<8ER ___ _;P...;C::.·_:15::._ ___ _ 

OE.OTH or SA!.<P~ ------------

T max (lb/eu ft) 

O.M.C. (;;) 

OESC<IPTION 

ASTM 01557 METHOD A 

132.0 

10.0 

Slty CLAY with some me to 

coarse sand trace f~ne to coarse arovei !Cll 

IN-SITU IJC (;;) 

LL (:':) 

PL (::) 

?I (:':) 

r---2.80 

\ 

·\ 
'\;\ 
• \ .>; 
\.F;\ 

1\i 

2.70 

2..60 

" '\'<\. 
I \. 1\i 

13.1 

26 

16 

10 

5 I 0 15 20 25 30 .35 
WA TC?. C::J i'IT2'rr - ?:::\CENT OF DRY W8GHT 

Derrv...-, COOrado 
OP..to.WN CG 

PROCTOR CURVE 
PC-15 

I"'"' OCT 1992 !""" '"'- IC3-2048 

GCS/927 -1203/MI I~ 

IFlu ·i'O. 
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PARTICLE SIZE DISTRIBUTION ASTM D421 A.c'ID D422 

US STANDARD SIEVE OPEI''fL'!G SIZES 

f!(' 'J" 1.5" .75" .375" 4 10 20 40 eo 1-00 2tJJ 

. ':: 

.... ' . . . ::.... . . . ... .. . . . . .... . . . . . ....... ' ' ..... . :0 ..,. ... .,.., . ..,..., ____ , ___ ~·-..-- .... --_ ,..,...,..,...,....,.._,__,._ __ .,.,...,., . .,......,.....,.__.---.. .. .,.. .. ~-.--·----..,......,....,_._,.-

' • • • : j ; : : : ! :. : d : ~ : : 
i ~ i ~ i = = • • • • • : : H l l : : 

20 .. =;.;.~~-+-+---_; __ :..:...:...;.:._•_•_:--· --:+-:--: :-: -: -:--:-

"ti1i1Tr~~liT:': ,--:i!rrm , l~rrTI: n:_ . 
100 10 ~1 ~= 

Grain size In millimeters 

I Coans I F1ne 

COBBLES I GRAVEL 

SAtv!PLE lD 
BOREHOLE 
SAMPLE NO. 
DEPTI! 

GCS/927-1203/MI 

I0-2048 

W% 

13.1 
PC-15 

I Samole Type: 

Cor j Med Flne 
FlNES (Silt and Clay) 

SAND 

LL PL PI Gs DESCRIPTION 

26 16 10 2.74 Silty CL\ Y with some fme to C03l"3C' sand, 

trace fme gravel 

Date Tested: ocr 199'2 uses, cL 

TECH: co 
DATE: 10107m 

CHECKED: IT 
REVIEWED: 

GOLDER ASSOCIATES INC. 

~OOD,COLORADO 
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CURVE 30 

SOREHOL£ NU~BE~-------------------

SAMP'.i: NU~BER _ _;P_;C:::,..:·16;:_ ____ _ 

OEPTH OF SA~PL£ ----------
ITST >JE7HOD ASTM 01557 ~D A 

T max (1b/cu H) __ .;;:13:.:0;;.:.5:;_ ___ _ 

O.M.C. (:!:) __ ...;10::.:·;::,5 ____ _ 

OESC«IPTION Sltv QAY with some fne to 

coarse sand trace fne to ccarse grave!ICLI 

1H-S1TU IJC (:-:) 14.1 

lL (:-:) 26 

PL (;:) 16 

PI (;:) 10 
I 1\:c-\-\ 
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35 
WATa CONT2<T - ?SCENT OF DRY WEJGHT 

CRAM CG 

PROCTOR cu:!VE 
PC-16 

r"'" <o. IC3-204.8 

GCS/927-1203/MI 1=-.!: 
IFlt.£ ""· 
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uses 

PARTICLE SIZE DISTRIBUTION ASTM D421 At'ffi D422 

US STA.'IDARD SIEVE OPENING SIZES 

:::r' 1.5" .7S' .375" ... 20 40 eo 1co 2CO 

:: : : : : 
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COBBLES 

SA.tv!PLE ID 
BOREHOLE 
SAMPLE NO. 
DEPTH 

GCS/927 -1203/MI 
I0-2048 

HD 

.. . .. .. . . ·:::: .. 
::: 

Grain size in milllmeters 

Ccane j Fine 

GRAVEL 

W% 
14.1 

PC-16 

Ieee! Mea Fine 

I SAND 
FINES (Silt and Clay) 

LL PL 
26 16 

Date Tested: 

PI Gs DESCRIPTION 

10 2.72 Silty CLA. Y with socoe Hoc to coarse 

s.and, trace fllle to coane gravel 

ocr 1m USC:S; CL 

TECH: KRB 
DATE: 
CHECKED: 

1omm 
rr 

REVIEWED: DR 

GOLDER ASSOCIATES INC. 
LAKEWOOD, COLORADO 

I 
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C:JENT/PRO..'ECT 

0 

CURVE 31 
BOREHOLE NU~BER __________________ __ 

SA>.<PL£ NU~BER PC-21 

DE.'TH OF SAhlPU: ---------------

TEST ME<HOD ASTM D1557 METHOD A 

r mox (lb/cu ft) 132.0 

O.>.<.C. (;;) 
9.5 

DESCRIPIION Soty CLAY with some 

coarse to fine sand. trace coarse to fine 

gravel ICLI 

IN-SITU >.iC 

LL 

PL 

PI 

(;;) 

(;:) 

(;:) 

2.80 

2.70 

2.60 

27 

15 

12 

__ ; __ ; ___ ;_; __ ....i ... .i .... L.i. __ [ _ _i_; __ ;_ .. -.:. ... L1 ... L --~_j_j_.i._ _ _ ,_i._i._: 
_ _: __ L.LL .... i __ ;_:...-:. __ .i.._j __ , .L __i__i_i_:_ _..:. ... i....i .. ..i ...... 1.-i ........ Li ... __ i_i._.LJ... ... .:.. ' __ · 
__ l_l....LJ. . .. :.. ... Ll ... l ... __:..L.J... --~--:_L.._;_ --~;_j_,_ -j~-+-~ ..i.__L.~ -l-"- '-. --· 
--~i--~~-- --~--~--:--;.... -'·-+-~-+- -~- -~--~-~-+- ·-!-·: 

5 10 15 20 25 30 35 
WATER CONT'::.NT - PERCENT OF DRY WEJGHT 

Denver, Colorado 
CG 

PROCTOR CURVE 
PC-21 

IDA~ NOV 1992 ~08 " 0 · IC3- 2048 

GCS/927-1203/MI KR 5"-"--' AS SHOWN 
RE~£\<D DR 
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PARTICLE SIZE DISTRIBUTION ASTM D421 AND D422 

US STANDARD SIEVE OPENING SIZES 

1.5" .70 .375" 4 10 -<1Cl eo 100 2m 

~:c-• ·""-'-..;__' T , ' 
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COBBLES 

SA..'viP LE lD 
BOREHOLE 
SAMPLE NO. 
DEPTH 

GCS/927-1203/MI 

IC3-204S 

:::!: 
______ .llll.Ll..L..l ... ..L-------llll.U .. L.l. ___ L_ ____ _ 

·::;: 

1[XJ 

Grain size in millimeters 

C~arse I Fine 

GRAVEL 

W% 

PC-21 

!sample Type: 

I cor I Med 1 fine 

SAND 
FINES (Slit and Clay) 

LL PL PI 
27 15 12 

Gs DESCRIPTION 

2. 72 Silty CLAY with some coarse to frne sand, 

trace coarse to fme gravel 

DaceTested: 0Cf1992 uses, cL 

TECH: MK 

DATE: ll/09/92 

CHECKED: KR 

REVIEWED: DR 

GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORWO 
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CURVE 32 
BOREHOL:: NUMBER---------

SA><PI.S NUMBER 
PC.18 ____ _ 

DEPTH Of SAlJPL!: ---------

rEST l.IETHOD 

f mcx (lb/cu It) 

O.M.C. (;:) 

DESCRJPnON 

ASTM 01557 IIETHOO A 

133.5 .;__ __ _ 
9.5 ----

Sltv CLAY with some fne to 

coi>':3e sand. trace fne to coarse araveiiCcl 

1N-STTU IJC (;:) 12.8 

LL (:q 26 

PL (/:) 
16 

~~~~-~·+1~·~~~'1\ PI (;:) 
10 

115 

11 0 

105 

100 

95 

90 

85 ... 

80 
0 5 10 15 

WAT'S" CONT2'IT 

oenv.,.., Colorado 

GCS/927 -1203/MI 

2..30 

2.. 70 

3:jS \- 2.60 

. \ " 

. "' " . ' ,, ,., 

20 25 30 35 
P::RCENT OF DRY W8GKr 

ORAWH CG 

PROCTOR CURVE 
PC-18 

I"'>< OCT 1992 
,~ 

ll'lU . ..0. 

f'OS ,..,_ ICJ-20-'-<l 
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s 
I 
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uses 

.. 

PARTICLE SIZE DISTRIB\.JTION ASTM D421 M'iD D422 

US STANDARD SIEVE OPENING SIZES 

3" 1.5" .7'5' .:n5' .. 10 20 40 eo HlJ 200 

':1!iiiltd~i:: ~ llli-H@ i i : 
1~0 ~ 1 ~~LLu_j;:.;..;: :_,_: -;-. -;-:-~-

.. . . 
70 lii.U ... L ... l ..... L .... -l.ii.i..lJ .. Ll_l __ Li.l..i._i_.L_i.___i _____ lL.LU ... l.: ... i.._j ___ ;~' :....:....:... . ....:. ___ ~• --:~~--:_·~' ~·-.;..-_ 
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·.em 

COBBLES 

SA.\1PLE lD 
BOREHOLE 
SAMPLE NO. 
DEPTH 

GCS/927-1203/MI 
ICJ-2048 

100 ~·o 0.1 a.D-t ClCC1 

Grain size In mi!llmeters 

I Coarse I Fine 

I GAAVEL 

W% 
12.3 

PC-18 

l Sample Type: 

I Ccr I "'" l Flne 
FINES (Silt and Clay) 

I SAND 

LL PL I PI 
26 16 lO 

Date Te:sted: ocr 199'2 

Gs DESCRIPTION 

2. 74 Silty Cl.A Ywith some fine to coane $3.nd, 

trace fine to coarse gravel. 

TECrl:: KRB 

DATE: 10101m 

CHECKED: TI 

REVIEWED: DR 

GOLDER ASSOCIATES INC. 
~OOD,COLORADO 
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CURVE 33 
BOREHOLE NU~BER __________________ __ 

SA~PLE NU~BER PC-19 

0 E PTH 0 F SAMPLE --------------------

TEST ~ETHOO ASTM 01557 METHOD A 

J mcx (lb/cu f!) __ 1;.:3:.::2.:.:5:..__ ___ _ 

O.M.C. (;:) 9.0 

DESCRIPTION SHy CLAY with some 

coarse to fine sand. trace fine gravel (CU 

IN-SITU ~c (;:) 

LL (%) 27 

PL (7.) 15 

PI (%) 
12 

2.80 

2.60 

40 
WATC..-=1_ CONTENT - PE.'<CENT OF DRY WEIGHT 

mu:: 

Denver, Cokxado 
C~OO/PRCJECi MS 

GCS/927-1203/MI KR 

PROCTOR CURVE 
PC-19 

I"""' NOV 1992 08 NO. K:3·2048 

1 5~ AS SHOWN O'KC ~0.; Rf:V . .... c. 
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PARTICLE SIZE DISTRIBUTION ASTM D421 AND D422 

US ST~'IDARD SIEVE OPENING SIZES 
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COBBLES 

SAMPLEID 
BOREHOLE 
SAMPLE NO. 
DEPTH 

GCS/927-1203/Ml 

IC3-2048 

1'a ~ 

Grain size in mil!!meters 

Coarse I Fine Cor I Med / Fine 

GRAVEL SAND 

W% LL I PL PI Gs 
27 15 12 2.72 

PC-19 

I Sample Type: Date Tested: OCT1992 

TECH: 
DATE: 
CHECKED: 
REVIEWED: 

FINES (Silt and Clay) 

DESCRIPTION 

Silty CLA. Y with SOIIle coan,e to ftne sand, 

trace fine gravel 

uses, cL 

MK 
11/10!92 

KR 

DR 

GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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5 10 15 20 25 

CURVE 34 
BOREHOLE NUUBER __________________ __ 

SAMPLE NUUBER PC-20 

DEPTH Of SAMPLE--------------------

TEST ME7HOD ASTM 01557 METl-100 A 

r m 0 X (I b I c u ft) __ __:.13=.l_:_5:.._ __________ __ 

O.M.C. (;;) g_O 

DESCRIPTION Silty CLAY with some coarse 

to fine sand. little coarse to fine gravel ICL! 

IN-srru >-IC (7.) 

LL (7.) 26 

PL (7.) 16 

?I (7.) 10 

2.80 

30 35 
WATER CONTENT PERCENT OF DRY WEIGhT 

mu: 

Denver, Colorado 

GCS/927-1203/MI 
R£ilEHEl DR 

PROCTOR CURVE 
PC-20 

!o•r.: NOV 1992 ~08 NO. IC3-2048 

s=.;: AS SHOWN F""'G NO.JR£11 .... a. 
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PARTICLE SIZE DISTRIBUTION ASTM D421 AND D422 

US STAl'IDARD SIEVE OPENING SIZES 

1.5" .7'5' .375" 4 10 <10 eo 1 oo 2'Xl 
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COBBLES 

SAMPLE lD 
BOREHOLE 
SAMPLE NO. 
DEPTH 

GCS/927 -1203/MI 

IC3-2048 

Grain size In millimeters 

Coarse j Fine 

GRAVEL 

W% 

PC-20 

I sample Type: 

j Car I Med I Fine 

I SAND 
FINES (Silt and Clay) 

LL PL PI Gs DESCRIPTION 

26 16 10 2.71 Silty CLAY with sor:ne coar.;.e to nne sand, 

little coarse to nne gravel 

Date Tested: ocr 1992 uses. CL 

TECH: MK 

DATE: 11/09/92 

CHECKED: KR 

REVIEWED: DR 

GOLDER ASSOCIATES INC. 

LAKEWOOD, COLORADO 
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W% I LL PL PI I Gs I DESCRIPTION 
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Date Tested: ocr 199'2 
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CHECKED: IT 

REVIEWED: DR 
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LAKEWOOD, COLORADO 



--

• • • 
0.2 

DRAINAGE AGGREGATES 

• 





II 

0.2.1 

GRAVEL 

.. ---- ..... 





JUNE 1993 

GRAVEL LAYER MATERIALS 
GA-1 (GP) 
GA-2 (GP) 

FILENAME .. TBL-GRAV.\IVK1 disk 5 

SUMMARY OF GRANULAR MATERIAL LABORATORY TEST RESULTS 

ALLEN PARK CLAY MINE- CELL 2 
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MOISTURE 
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SUMMARY OF GRANULAR MATERIAL LABORATORY TEST RESULTS 
ALLEN PARK CLAY MINE- CELL 2 

NATURAL 
MOISTURE 
CONTENT 

(%) 

FORD MOTOR CO. 

DENSITY 
(pel) 

%PASSING 
#4SiEVE 

%PASSING 
#200SIEVE 

GRANULAR SYSTEM OF LEACHATE COLLECTION/REMOVAL SYSTEM 

LB-2 (SP) I 3. 7 I 97.2 I 100.8 98.90 1.60 

LB-3 (SP) 4.1 100.0 104.0 99.25 2.03 

KENT LAKE 2NS 9.9 113.2 

FILENAME .. TBL-SAND.v.Kt disk. 5 

CONDUCTIVITY. 
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